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the resulting data, but allows a more accurate qualification and
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CHANGE:

originally as stated in the SAP, a Photovac lOS50 portable gas

chromatograph (GC) using headspace technique was to be used to

determine relative concentrations of the target compounds.

The change will be to replace the 1OS50 GC with a SRI model 8610 GC

equipped with an PID and FID detector in series, purge and trap,

and Peaksimple data system. The onboard integrator of the IOS50
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determining the concentration of compounds. The use of

the SRI with the purge and trap allows direct measurement

of the compounds. Because of the direct measurement:

* lower detection limits are obtainable

there will be less variability of measurement

therefore the data will be more accurate

* less sample prep equipment is required causing

a reduction in cost, time, and potential
biasing and errors 0 *IA

* more accurate simulation of standard laborato-
ry procedures

2. Because the SRI utilizes the FID and PID in series it is

easier to more accurately identify and quantify the
target compounds in a complex chromatograph by comparing

* the results of the two detectors. The 1OS50 only utilizes

the PID thus relying more on the operators interpreta-

tion.
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JUSTIFICATION (continued):

3. The interfacing and utilization of a laptop computer by

the SRI allows chromatographic data to be stored on

floppy disk in a format that permits the data to be

easily stored an recalled at any future time for reexami-

nation, integration and manipulation. The 10S50 does not

allow this without the addition of extra peripheral

support.

4. The higher level of technology in the SRI allows the

operator to easily and more accurately control the GC

operational parameters thus allowing for more accurate

qualification and quantification of the target compounds
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HAZARDOUS WASTE REMEDIAL ACrIONS PROGRAM
STANDARD OPERATING PROCEDURE 5

GROUNDWATER SAMUO WITH BAILERS

i. OBJECTIVE

The purpose of thiA procdurc is to define reqairceacou for the coletko of groundwater
4 Usmples.

2. BACKGROUND

Metbods used for the collection of roundwater samples icdlde bailing and a variety of
pumping technique. Bdlem are bollow cyladen with undirectional (open up) check valves at
the bottom cud. Some bafles may also be coed or valved at the upper ed& Baile used min
enviromental appaittionos are typically contructed of stainim reeL dposable nylon string,
diapmable monofilentent polypropylene, Teflon-coated mtainless steel wire, or Teflon, with

4 stainless stel or Tdon being pmreerred. ThM ba is lowered into the well on an acceptable
line or coated wire ine until submerged. 7w bailer i thea reuveyed to the surfae for sample
coilecion. lthis procedure de'cribe groundwater umpling with bad-er. For the best rmults,
the sequence of sampling is from ilast to mot coazaminated wells. It is preferable for most
sampling events sing balml to have dedicated bailers or enough bailrs to last for I day's
w, h of samiping (normally 6 to S/ld

4

3. RESPNSYBILITIES

•,~ Th: e She Manager ir mpouible for emuring that field personnel are
4 trained ian the we of thi promdum and for vezin that groundwater sampls are collected in

accordasc wth tw pF udur

x~i" - -The Project Field Osologist bs responsible for complying with
ti procdure., inchidig sample acllction, packaging, and dnemattiom.

4

4
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k REQrUIRD EQUIPENMENT

0 For surace sample - bailer "ap.
* For specific depbt - boilcr type
e Bottom-filling bottom-emptying bailer (with bottom release, if needed) of the

appropriate material.
a Cean rope or wire line of suficiet lenth for conditiom.
* Appropriate sample container; with labels and presrvativ, as required.
a Hard plastic or steel cooler with cold packs (or ice).
* Water-level meter andor other wtae-kel measuring device.
e Temperature, conductivity, pH. dissolved oygn sad organic vapor meters, if

* Plastic sheeting.
* Decoontamination supplies, s uquired
o Personnel proteetive clothing and equipment, if reqlred by the site-specific health

and safety pla
* Latc. or poly l chloride (PVC) glovs

S. PROCEDURE

The following steps must be followed when sampfng goundwater with boflers:

1. Put on protective clothing and equipment as specifed in the site-specific health and
misety pla

2. Prepare f si for sample aequsition by covering tn pound surface around the
welhead with plasti sheeting. ArrWg doe requir samplin eqpupmet for
conveciect um If o*4kae dueonuinatioe a rmqukv4 arrange the necssary
supplies in a nearby but separate location, way hom the deal d.

3. Open the w•e md noe the condition of the caing and eap keock for vapon
wing vapor aaung equipmeaL Uaig a waer4ave meta, determine the static
water level and depth to well bottom. Record th& winfomation, in the field logbook
or on the water sampling, frm.

4. Purge the well aeordin to Hazardous Waste Remed Actiow Prpm
(HAZWRAP) Standard Operating Procedure (SOP) 4, if noe already anpllished.
Alow, ft wwr loeel to remr to a depth at lest sufcien for the complete
submergenc of the bailer vithout contacting the well bottom.

S. While the wall is recovering from purging. decositnlnase the boaie. If the bailer
was decontaminated bhore arrival at the site, t protective wrapping.
Securely att•a the bailer to the m The eod of the 1ln sbould Am be secured.

i0
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6. Arrange the sample container in the order of use. Volatile organic analyte (VOA)
samples, if required, will be obtained fiat. followed in order by semivolatilm
(SVOA) and other samples. S

7. Lowe the bailer into the well Do not allow the bailer to touch the cuing. The
bailer should enter the water slowly to prevent oratlon. particularly when VOA and
SVOA samples are being collected. Do not permit the bailer to contact the well
bottom.

& Retrieve the ed bailer to the surface. Do • allow the line to contact the
groimd. Hang the bailer from a bailer stand or other auppor. if available, or have 9
an amistant hold it off the ground. Te first baller of water should be used as a
rinse and then dkeandd. Immediately obt any required VOA and SVOA
samples by using the release valve to gently tranfer water to the sample bottle.
The sample bottle should be tilted when fli to prevent aeration. Cbeck the
tiffed vial for bubbles. Thie fBwt volume of sample should be used as a rinse and
then dicarded. wa tie ample baedi cota ptservatime. If simple filtration is

4 requied, it should be done as son as posible. or after ample retrieval. E after
collecting VOA and SVOA ample, the Wto requlied simple volume is greater
than the water remaining in the bailer, decant the water into a clean compositing
container. Mw compmiting container must have adequate volume to contain the
entire volume necesary for collection. Apa lower the bailer to collect water for
additional sample volume, if eeded.

4 9. When the compmited sample volume is suicient, decant water into the remaining
sample containers. Add prmervatic (if needed), cap, seal, and properly label all
containers. Plaw the filled containers in the cooler(s) immiediately.

10. Record sample types and amounts cleted, and time and date of collection in the
field logbook and on the groundwater sampling form per HAZ WRAP SOP 1. Parts
A and B, rswpectively. Prepare hobok-ciody and analytic request documents as 1
required by the project quality murance plan.

11. Decontaminate sampling equipment acording to HAZWRA? SOP 14.
12. Clean up the area and place disposable materlak (plat sbaeeting. gkows, Trek) in

the designated reoeptle. Closu and lock the wel cover.

4 6. 1RESTRICTION&UM ATIONS

Obtain cn.site data suh a temperature conductivity, pK or d•hved oxygen
measurements after sample have been collected. This May require additional time for well

4
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POSITION PAPER NO. 2

OEVELOPMENT AND SAMPLING OF LOW RECUARGE WELLS.

Hydrogeology Support Group
iazardous Waste Remedial Actions Program*

Martin Marietta Energy Systems. Inc.
Oak Ridge, Tennessee 37831-7106

1. INTRODUCTION

A low recharge wall can be defined as a well that does not recover to
90% of its static water level within 6 to 8 h after being purged. There are

4 many other definitions for low recharge formations; however, this is the one
that the Hazardous Waste Remedial Actions Program (HAZWRAP) will use in its
discussion of this issue. Low recharge formations can be found in most of the
following environmental scenarios: fine-grained, unconsolidated material such
as clay, silt, shale, or clay in the interstices of larger-grained material; 0
or igneous and metamorphic rocks. Under the above conditions, four problem
areas surface when it is the task of the hydrogeologist to obtain a
representative sample of the groundwater from these types of aquifers. They
are: how do you reduce siltation within the well, how do you develop a low
recharge well, how do you purge a low recharge well, and when do yoL sample
for volatile organics after purging a low recharge well? *

In the following document, we will discuss these issues and present the
most recent discussions with regard to these issues. It is the intent of this
position paper to make the hydrogeologist aware of the problems associated
with low recharge wells and to provide some guidance on the above issues. For
the purpose of this position paper, only low recharge aquifers composed of
fine-grained, unconsolidated materials will be discussed.

2. SILTATION AND DEYELOPI4ENT

2.1 STATMENDT OF THE PROBLEN

Siltation and development problems are usually relegated to
unconsolidated sediment aquifers. These are generally not problems associated
with slow recharge in consolidated sedimentary, igneous, or metamorphic
environments. Both of these issues (i.e., siltation and development) will be

*Operated by Martin Marietta Energy Systems, Inc., for the U.S. Department of
Energy under contract OE-ACOS-840R21400.
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discussed concurrently since, in general, they are related issues (i.e.,
siltation is largely a problem of ineffective developmnt procedures and/or
well construction techniques).

Siltation Is the process whereby, during well construction and/or
development, small-sized aquifer material (generally smaller than that
retained on a #50 US standard sieve) can be found within the well casing,
making the water sample turbid. It is of note that this same grain size range
(i.e., less than #50 standard sieve size) makes up over 30% of the aquifer
saterial, which is the principal reason why the formation is a slow recharger.
This material ends up in the well casing usually by two methods. in the
first, the fine-grained materials are introduced into the well casing directly
during well installation. This usually occurs at the same time as the well
screen, filter pack, and riser pipe are placed at the bottom of the borehole.
From the time the borehole drilling is complete and the well Is placed,
groundwater will move up into the auger flights, carrying with it an
associated amount of aquifer material due to hydrostatic pressure. The
screen, casing, and filter pack are introduced directly into this 'soup',
thereby introducing the fine-grained material directly into the casing. Also
during placement, the aquifer material may become integrated with the filter
pack material during placement of the filter pack.

The second siltation problem area occurs during development. In
monitoring well construction, the purpose of the design of the filter pack is
to retain 95 to 100% of the aquifer material. In general, this is not always
accomplished because all too often the well screen size and filter pack size
are selected before the field investigation (i.e., during the work plan
development stage). During this stage, when they suspect slow recharge
aquifers, 10-slot screens with Ottowa #1, Moare 0i, or equivalent filter pick
material are selected in advanc, of actual field Information. The development
procedure, therefore, must clean out the residual materials in the well casing
and must also pull the fine material out of the filter pack since it was
placed and comingled with aquifer material during placement. Therefore, due
to poor construction design, new aquifer fine-grained material is pulled 4nto
the casing during development because the filter pack material cannot retain
95 to 100% of the aquifer material.

This represents a synopsis of the siltation and development problems
associated with monitoring well construction techniques. The following
section will discuss some of the more recent published articles relevant to
these issues.

2.2 PALISIED APPROACMES TO SILTATION AND IVELOPMEDT

2.2.1 Well Construction Nethods

The key question to be answered in assessing well construction methods
in low-yield aquifers is, "Can well-designed construction techniques improve
the quality and quantity of groundwater samples from a low recharge aquifer?*.
In review of the literature, the following information is submitted for
evaluation:

S. _•- mmm m m l ill i i • iii .. .... 0
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o In a study conducted by Paul, Palmer, and Cherkauer (1988), a series
of ten wells were placed in glacial tills. Of these wells some had
been installed wet (the well was not cleaned out of excess loose
material before well placement) because of delays in setting the
screens, and some had been installed dry (the loose materials had
been removed from the borehole). Of the wells installed wet, the
wet wells exhibited 50 to OO times greater turbidity than wells
installed dry.

o In an article in Groundwater Age (Wehrmann, 1983), a method that can
be used in clayey environments, where an open borehole can be
sustained, is to pump water down the inside of the monitoring well
casing, out the screen, and up the annulus of the borehole. This
should be done both before and after the gravel pack is emplaced to
free fine-grained material from the surface of the borehole and the
gravel pack materials. Circulation should be continued until the
water coming up the annilus looks clear (Wehrmann, 1983).

4 o According to Nielson (1988). the continuous-slot, wire- wound screen
is more effective in preventing formation materials from becoming
clogged in the openings. It allows particles slightly smaller than
the openings to pass freely into the well without wedging in the
opening, making these intakes nonclogging.

o In an article by Gass (1989), drilling methods and well construction
techniques must be adapted to minimize borehole damage before the
installation of a well screen (commonly referred to as 'skin
effect") and a filter pack, or at least to correct borehole damage
before installation of the well screen and filter pack. In
addition, it must be understood that the effectiveness of well
development is going to be extremely limited in alleviating this
effect. To reduce this effect, he suggests several techniques: (1)
boring the zone representing the screened interval with a 3- to
5-in. Shelby tube, (2) scratching the sides of the borehole with an
oversized brush or wire to eliminate the smear effect, and/or (3)
developing the low-recharge well with a bailer or small-diameter
surge block to achieve gentle agitation of the filter pack so that
any residual fine material that may have been incorporated into the
filter pack during its emplacement can be removed.

2.2.2 Well Construction Materials

In assessing well construction materials, the following information is
submitted for evaluation:

o In an article by Gass (1968). Gass states that the filter pack
should be graded, fine to medium sand. Because of the adation,
the effective size of the filter pack will be quite small and yet
will still be orders of magnitude more permeable than the formation S
and will not restrict well yield. In almost all cases, a 10-slot
screen will retain 80% to 90% of the filter pack.

a
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o In an article by Nielson (1988), the use of in artificial filter
pack in a fine-grained material allows the screen slot size to be
considerably larger than if the screen were placed in without the
filter pack. This is particularly true where fine slot sizes, which
are designed to hold out formation materials, are either impractical
or not commercially available. The larger screen slot size afforded
by the filter pack allows for the collection of adequate volume of
sediment-free samples (Nielson, e9S8).

a Paul, et &l. (1988), states that the function of the filter pack is
to stabilize the borehole and to prevent formation materials from
entering the well. They recommend that the proper size of filter
pack and screen can be chosen from the grain size distribution curve
of the formation by applying the method outlined by Driscoll (1986).
In addition, he states that commonly available well screens and sand
packs were not capable of filtering out clay-sized particles found
in fine-grained glacial tills. The optimal well design would
require a silt-sized sand pack and a very fine-meshed screen (<0.05
mw). In addition, the wells within his study were constructed of
different types of screens (slotted and continuous). From this
condition he observed in his glacial till study that surging of the
wells that had standard factory slot screens pulled more formation
material through the sand pack and into the screen than wells that
had continuous-slot screens. There were no substantial differences
in the turbidity measurements between the three types of well
screens that had been bailed.

From the information collected, several Issues were not discussed. One
of these issues is the use of sumps in well construction in low-yield
unconsolidated aquifers. It has been a standing practice during the past 5
years that sumps be used in well construction in low-yield aquifers. A sump
is a piece of blank casing placed below the screen and is designed to retain
and separate the siltation materials (accumulated fine-grained material
settling out of suspension) from the screened interval. This device is used
primarily to keep the entire surface area of the screened interval open to
receive groundwater.

Another issue that has become a standard practice is to ensure an
appropriate filter pack thickness. All too often, particularly in shallow
groundwater wells (i.e., those less than 50 ft), a 2-in. well is placed in a
nominal 4-in. borehole. It is generally agreed that the filter pack thickness
should equal the well diameter and that it should be tremied into place. The
reasoning behind this position is that an insufficiently large filter pack
thickness will not retain the large volum of fine- grained material trying to
enter the well screen and that a sufficient volume is needed to effectively
retain or retard this condition.

In addition to the above, Johnson Screens has developed a new screen
specifically designed for low-yield aquifers. This new well screen is called
Channel Pack and is basically two continuously wrapped screens separated by a
glass bead filter pack. This screen has not been extensively field tested, so
its advantages and disadvantages have not been well established.

• • • • T
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2.2.3 Recomendations

Based on the above information, the following construction 'nethods and
material specifications are recoumended:

o Filter pack thickness around the well screen should be at least the

same thickness as the diameter of the casing/riser.

o Sumps should be placed below the well screens to act as a sediment
trap for all low-yield aquifer wells.

o Well screens should be of the continuous slot variety.

o Well screens, casing, and filter pack material should be placed in
dry wells (i.e., the loose "soupy" material within the drill casing
should be cleaned out or removed before materials placement).

o For optimum design, the filter pack should be graded according to
the aquifer particle size distribution to ensure that the largest
percentage of the aquifer material will be retained by the filter
pacK.

o Well screen slot size should be sized to the filter pack. In most
instances, the filter pack should be sized to retain 95 to 100% of
the aquifer material.

3. DEVELOPMENT

The main purpose for the development of a well, any well, is to produce
a turbid-free sample (i.e., to rid the filter pack, screen, and well casing of
the small particles that remain that are the direct result of the installation
procedure or design). Beyond this, the goal for wells in the water well
industry differs significantly from the hazardous waste industry. In the
water well industry, the purpose of well development is to obtain maximum
yield with the least turbidity for the purpose of water consumption. In the
hazardous waste industry, the purpose of development is to obtain a turbid-
free sample for the purposes of chemical analysis in the parts per billion
range. Wells designed for pump testing are the exception since increasing
well efficiency may improve the quality of the pump test data. There is a
significant difference between these two goals. In the hazardous waste
industry, constructing wells for the purpose of high yields tends to be a
secondary requirement.

Couin methods of well development in fine-grained materials are
pumping, surging, bailing, and the use of compressed air to "blow out" the
well. All of these, or combinations thereof, are acceptable methods within
the water well industry; however, all do not carry the same level of
confidence within the hazardous waste industry. The following Is a

I
I
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presentation of recent information from literature addressing this issue. X'

3.2 PUBLISHED INFORMATION ON OEVELOPMENT .

o In the development of wells in glacial tills (Harman, 1988), a
stainless steel submersible pump was used. The pump was lowered by
hand to decrease the turtidity of the water. The pumping rate was
slow and continuous, with a low volume of water being pumped. This

I Ipulled the fine-grained material from the sand pack. The silt
settled to the bottom, and water samples could be taken from the top
of the water column. Bailing could be used instead of pumping to
develop the well.

o In tight formations, well development must be sufficiently vigorous
to remove fine-gralned particles
without damaging the well (Marbury and Brazie, 1988). The turbidity
of the water needs to be reduced.

o According to Giddings (1985), the steep hydraulic gradient caused by
dewatering the well during pumping causes turbulent flow in the
aquifer and in the gravel and sand pack, and this results in a very
turbid sample. A surge and block bailer has been successfully used
in developing low recharge wells.

o According to Gass (1988), when an attempt is made to develop a silt
or clay formation, the formation will not bridge, and greater b S

* amounts of the formation will be pulled into the well. The same
"type of surge energy reaches the formation when a well is purged and
sampled with a bailer that fits snugly within the well or when a

4 pump that just fits In a well is rapidly inserted or removed from
the well. The key to achieving clean samples then is to reduce or
eliminate surge energy from reaching the formation.

o The following study was performed by Paul, Palmer, and Cherkauer
(1988). In this case, some wells installed in fine-grained glacial
tills were surged for 10 imn and then bailed along with wells that
were bailed only. Water was collected from the screened intervalsIfor turbidity analysis. The hydraulic conductivity of the formation
was sufficiently low that no significant well recovery occurred
between the time the well was bailed and the sample was taken. Many
of the samples contained a considerable amount of sediment.
Baillngs of two wells Indicated a large amount of clay sediment at
the bottom, which was easily agitated, especially when the bailer
touched bottom. The wells were then pumped dry to reduce the amount
of sediment and were allowed to recover. When samles were taken 4
months later, the turbidity had been reduced in all but one well.

o Surging of the wells increased the turbidity. The turbidity was 50
to 100 times greater than that in wells that were bailed. Sand pack
and screens had little effect on the amount of turbidity. In surged
wells, the average turbidity stayed the same between the two
sampling periods. In the bailed wells the turbidity decreased
fourfold (Paul, Palmer, and Chorkauer, 1988).

|
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o In the restoration of clogged wells installed In glacial tills,
jetting was used, and fine sand, silt, and clay are washed out of
tne water-bearing formation. The
turbulence created by the jet brings these fine materials back into
the well through screen openings above and below the point of
operation (Gass, 1985).

3.2 DEVELOPMEN(T RECOMqMENDATIONS
. Based on the above Information and In consideration of the procedures S

previously recommended for well design and installation, the following
develooment procedures are recommnded:

o Remove any sediment that may exist within the well casing. This may
be accomplished by using a sand bailer (which most drill rig
operators are familiar with for larger diaeter wells), by using
pump and surge, or by using air lift techniques to remove the
sediment in the sediment trap.

o Ideally, the first attempt should be to develop a low yield well by
pumping and/or removing water at a rate equal to or less thin the
recharge rate of the aquifer. This may be accomplished using
peristaltic pumps, ballers, or bladder pumps for some aquifers. The • 0

a object of this methodology Is to induce water into the well at a
very low but constant rate until the water is relatively clear.
(NOTE: If bladder pumps are to be used, removing the silt from the
well is critical because of the potential damage to the bladder.)

a If the above techniques cannot be accomplished and the wells are
pumped to near dryness even with slow rates of water removal, the
next recommended option is to use a closed-bottom bailer in a pump-
and-surge-type scenario. Under this scenario, as the bailer enters
the well, the bailer itself acts as a surge block and forces water
out through the screen, dislodging silt and clay size particles from
the screen and the filter pack with the intentiw of the particles
returning through the screen to be removed during the bailing S
operation. The surging activity, however, should not be so vigorous
as to extend the surging action into the aquifer materAil itse1f.
If during this process the well is pumped to dryness, the above
procedure say have to be repeated one to two additional times to
obtain a smple that is relatively sediment free. A specific
application of this approach is to develop the well in stages (2 to
3 ft at a time, from the bottom up). In this the surge stroke
should not exceed the surged interval.

o At the completion of the development of a well, a well recovery test
should be performd. This test Is similar to a rising head slug
test. These data will assist the field hydrogeologist in the
development of other wells and in the scheduling and planning of

A II •
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U purge and sample activitýes. It is not implied, however, that well ur,
recovery tests should be conducted on every well. The discretior of
the use of this test is held within the purview of the field
hydrogeclogist and the HAZWRAP project team.

4. PURGING AND SAMPLING

4.1 PURGING

Perhaps the most critical component of collecting a representative
sample of the aquifer water occurs during the purging process. The main
purpose of purging a well is to remove the stagnant water from the well casing
and borehole and to replace it with groundwater that more accurately reflects
chemical conditions within the aquifer. A lot of discussion has focused on
this issue. The rationale for purging is to help remove fine-grained

p particles in the well and sand pack that may potentially enter tne well screen
and the sample (Paul, Palmer, and Cherkauer, 1988). (NOTE: All operations
need to be performed with materials and equipment that have been thoroughly
cleaned to avoid introducing c€,ntaiminaton into the well. This is especially

r critical in low-yield wells because even a minute amount of contaminant may
4result in relatively high concentrations in samples.)

The following is a presentation of discussions on this issue that have
occurred in technical publications over the past several years:

o According to the Wisconsin Oepartment of Natural Resources Guidance
(Llndorf, Feld, CUnnelly, 1987), the most straightforward method for
vemoving all of the stagnant water from wells screened in low
permeability formations is to pump or bail the well dry. This
procedure may be the best way to ensure that all of the stagnant

, water In the well has been exchanged with water from the aquifer.
* After purging, the well should be allowed to fully recover and can

be purged a second time if needed.

o The Environmental Protection Agency (EPA) Technical Enforcement
Guidance Document (1986) is similar to this. It states that when
low-yield wells are being developed, they should be pimped to

* dryness once. If the recharge rate of the well causes the formation
water to vigorousl' cascade down the intake screen and accelerate

a the loss of volatii;s, the well should not be pumped dry. If this
is anticipated, three casing vblumes should be purged from the well

5 at a rate that does not cause the recharge water to be excessively
agitated.

o If a monitoring well is drained completely during purging, the
4 formation water will be exposed to the atmosphere as it enters the
, well. This may cause a 10% loss of volatiles within 5 min and a 70%

loss within I h. Protocols should avoid draining the well mnd any
unnecessary exposure of the sample to the atmosphere, especially
when combined with turbulence (P4cAlary and Barker, 1987).

a

a

a
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So If the sand pack around screens is drained during purging or
flushing, the formation water will flow into the well by cascading
through the headspace in the dewatered sand filter pack. Some
volatilization can be expected to affect the groundwater even before
a sample can be collected (McAlary and Barker, 1987).

o The amount of recharge may limit the amount of sample that can be
collected. Frequent purging will likely dewater the saturated zone,
causing the well to go dry for a period of time. In wells that
require a very long period of time to recharge, the Interval between
sampling events may not be sufficient to allow full recovery to
static water-level conditions. In such cases, an annual or
semiannual sampling event may be more appropriate than quarterly
events (Narbury and Brazie, 1988).

o The results of a laboratory standing-column volatilization test by
McAlary and Barker (1987) showed that losses will reach 10% within 1
h and 99% in I month. The standing water should therefore be

_ thoroughly purged before sampling. In the context of a sampling
event, It may be acceptable in moderately low permeability materials
to return for sampling of volatile organics several hours after
purging, provided that the calm surface of the water in the casing
was the only exposure of the sample to headspace.

4.2 SAMPLING

The problems of purging and saMpling low recharge wells are mutually
related events. The type of purging a field team performs may affect the
sampling effort. In addition, within the literature, it is not clear as to
the best time to sample for volatile organics. The following are submitted
for evaluation and review:

o In low-yielding bedrock aquifers, wells may be pumped dry by
removing only one bore volume of water. If the water- bearing
fractures are located just below the static water table level, the
well will refill by cascading water entering the bore and falling to
the bottm. This alters the dissolved gases in the water and
increases the dissolved oxygen content. Many monitoring parameters
are sensitive to this alteration, and it can lead to
misrepresentative sampling (Giddings, 1985).

o A water-level monitoring period of several hours or days may be
required to determine whether the well bore is making water or to
determine If the water level will return to static water-level
conditions. In these instances, it may be possible to remove only
one casing volume before sampling (Narbury and Brazie, 1988).

!
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o Samples should be collected as soon as there is a sufficient amount

of water in the well bore in order to get a sample that Is
representative of the formation water (Llndorf, Fold, Connelly,
1987).

o According to the EPA Guidance, as soon as the well recovers, the
order of sampling should be pH, volatiles, oxidation-reduction,
semivolatiles, pestictdes/polychlorinated biphenyls (PCBs), metals,
and inorganic compounds. For wells with a recovery time of greater 0
than 3 h, samples should be taken in order of their volatility as
soon as there is a sufficient volume of water available for a sample
for each parameter, Parameters that are not pH sensitive or subject
to volatillzation should be taken last.

o In the sampling of naturally purged wells (Robin and Gillham, 1987), 1
results Indicated that a representative sample could be obtained
from the screened interval through the use of dedicated sampling
device, such as a syringe sampler, The intake would need to be
located near the bottom of the screened interval. Tne voltme of the
sample would have to be significantly less than the volume of the
screened interval. Some contamination could result from
displacement of water by the sampling device. In this study, as
screen lengths became shorter (screen lengths of 1, 2, and 5 It),
the first samples were progressively more contaminated.

o In a recent article by Herzon et al. (1988) eleven 2-fn. 00
stainless steel wells were developed using bailers and a diaphragm
pump. Bailers were used to extract water and to act as surge blocks
to draw in fine materials. This procedure was repeated four times
for each well. The diaphragm pumps were used to pump the wells to
dryness so that a rising-head test could be performed on each well.
Samples were retrieved at several different times after purging.
The final conclusions were that wells in low- yield aquifers should
be purged before sampling and that concentrations of volatile
organics in the sample collected 4 h after purging contained the
highest volatile organic concentrations.

5. EQUIPI•ET FOR DEVELOPMENT, "=INI&, AND SAUPLING

To minimize the Introduction of contamination into the well, positive
gas displacement Teflon bladder pumps are recommended for purging wells.
Teflon or stainless steel bailers are also recommended purglni equipment.
Where these devices can't be used, peristaltic pumps, gas-lift pumps,
centrifugal puyps, and venturt pumps may be used. Where a suMling device
requires an intake line, or discharge line, the composition of the line should
be Teflon, polyethylene lined with Teflon, or polyethylene. Where a sampling
device requires a support line to the surface (as in bailers), the support
line should be single- strand, stainless steel wire, Teflon-coated stainless

4 steel wire (single strand or braided), or a stainless steel leader attached to
monofilament polyethylene line.

I
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Pumping rates for peristaltic pumps are typically less than ISOO mL/min.

Other types of pumps produce volatilization and high-pressure differentlals,
causing variability in the analysis of pH, specific conductance, metals, and
volatile organic samples. They are, however, acceptable for purging wells
(EPA Guidance, 1986). S

The equipment required for jet development includes a jetting tool with
I' two or more nozzles, a high-pressure pump, a high-pressure hose, and a supply

of water. The nozzles should be evenly spaced on the jetting tool (Gass,
1985).

The valve-type plunger could be used in tight formations because it has
a lighter surging action. A bailer can be used along with the plunger (Gass,t 1985).

In Paul, Palmer, and Cherkauer, the surging process (in fine-gralned
glacial tills) was performed with a length of polyvinyl chloride (PVC)
electrical conduit fitted with an oversized rubber stopper. The rubber
stopper was small enough to allow passage through the well but large enough to
force water before It. A peristaltic sampling pump was used to remove the

bottom sediment from the monitoring wells.

In a study by Griffin et &l. (1988) on the collection of volatile
organics from fine-grained materials, samples were collected using a double-
check valve, leflon bailer with a bottom-draining device. For shallow,

j small-diameter wells with low yields, evacuation of the well by a bailer is
feasible. Syringes can also be used to sample water from low hydrostatic head
aquifers because they only remove a small volume of water from the well
(Nielson, 1985).

6. RECO9UIEDED PROCEDURES FOR PURGING AN SAMPLING

The following purge and sample procedures are based on a review of the
information provided above, known characteristics of monitoring well recharge
and well dynamics, and the best available technology. The succeeding
information is provided to act as a starting point with regard to planning and
execution of sampling activities within low recharge environments, It is
understood that as field activities commence, minor revisions to the purge and
sample activities may be required based on site- specific information;
however, the following scenario should be used and planned for during theI early stages of field activity development.

The following procedures are reconmended for purging and sampling of low
recharge aquifers:

o As a general rule, under low recharge conditions, purge and sample
activities snould not occur for a minimum of

I 7 d after well development. This period may be extended, dependent
S upon very low recharge conditions and varying site conditions.

4 '
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o Purging and sampling are considered by HAZWRAP to be mutually
inclusive activities (i.e., they are not separate events).
Therefore, the comon field activity of purging all wells first then
sampling is not considered to be the best available procedure.
Purging and sampling should be considered, in terms of schedule, as
one event.

ro Purging Degins with placing the pump or purge device at the top uf
the water column to remove the water from the well casing and

,1 borehole from the top down.

o Purge rates should be at a value less than that indicated from the
well development recharge rate recorded at the conclusion of well
development. Under low recharge conditions, this rate will rarely
exceed 0.S gal/min. This low purge rate will permit the water within
the casing and borehole to exchange without punping the well to
dryness or appreciably depressing the static water level.

o If the above condition cannot be met, the entire volume of water
within the well casing and borehole should be removed at the rate
determined above. f it is already known that the well can be
pumped down without appreciable recharge, the rate specified above
should not be exceeded. Excessive pumpiln will only cause turbidity
problems when eventual recharge and sampling begin. (NOTE: As a
reminder, under the well construction recommendations, each well
will exhibit a 2- to 5-ft sediment trap to be located below the
screen. Therefore, the sediment trap should be removed of built-up
sediment before actual purging and sampling).

o If the well does not recover to 90% of its static water level within
6 to 8 h, only one borehole volume need be removed. If the well
recovers in less time, purge activities should be repeated at least
one more time. At the conclusion of the Initial purge activities,
if significant fines have accumulated In the sediment trap, these
fines should be removed before the second purge activity.

o Sampling from wells in which the static water level was not
appreciably depressed is to occur immediately after purge activities
are completed (within 3 h as a genral rule). Sampling from wells,
in which the water was Lompletely remved from the well or the
recovery time exceeds 3 h, will occur (for volatiles and pH and

4 m oxidation-reduction sensitive analytes) when the water level has
j reached a point above the bottom of the screen such that a

sufficient sample can be retrieved. Sampling for other nonsensitive
analytes my occur at some point later as the well has had time to
more completely recover and provide sufficient sample. If
sufficient ample has not become available within 24 h, the HAZWRAP
Project Manager should be immediately informed so that a decision
can be made as to the disposition of this condition.

,!
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I HAZARDOUS WASTE REMEDIAL ACTIONS PROGRAM
STANDARD OPERATING PROCEDURE 4
WELL DEVELOPMENT AND PURGING

g 1. OBJECTIVE

The objective of this procedure is to define the procedural requirements for well
I development and purging.

S2. BACKGROUND

Monitor wells are developed to remove skin (i.e., near-well-bore formation damage) and
to settle and remove fines from the filter pack. Wells should not be developed for 24 h after
completion when a cement bentonite grout is used to seal the annular space. However, wells
may be developed before grouting if conditions warrant. Wells are purged immediately before 4
groundwater sampling to remove stagnant water and a sample representative of groundwater
conditions. Wells should be sampled within 3 h of purging (optimum) to 24 h after purging
(maximum, for low recharge conditions).

3. RESPONSIBILITIES

Sit Managtc The Site Manager is responsible for ensuring that field personnel are
trained in the use of this procedure and for verifying that development and purging are carried
out in accordance with this procedure.

I Project FReld Geolo"t: The Project Field Geologist is responsible for complying with

this procedure.

4. REQUIRED EQUIPMENTI
* Pump, pump tubing, or bailer and rope or wire line.
* Power source (e.g., generator), if required.I Water-level meter or weighted surveyor's tape.
e Temperature, conductivity, pH. and/or dissolved oxygen meters (for Sect. 5.2 below).
* Personnel protective equipment as specified in the site-specific health and safety plan.

I
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9 Decontamination supplies, if required on-site.
9 Disposal drums, if required.

5. PROCEDURES

5.1 WELL DEVELOPMENT

"The following steps must be followed when developing wells:
4

1. Put on personnel protective clothing and equipment as specified in the site-specific
health and safety plan.

- 2. Open and check the condition of the wellhead, including the condition of the
surveyed reference mark, if any.

3. Determine the depth to static water level and depth to bottom of the casing.
4. Prepare the necessary equipment for developing the well. There are a number of

techniques that can be used to develop a welL Some of the more common methods
are bailing, overpumping, backwashing" mechanical surging, surge and pump, and

a• , high-velocity jetting. All of these procedures are acceptable; however, final approval
of the development method rests with the appropriateness of a specific method to
the site and the Hazardous Waste Remedial Actions Program (HAZWRAP) project

, manager.
5. For screened intervals longer than 10 ft, develop the well in 2- to 3-ft intervals from

-, • bottom to top. This will ensure proper packaging in the filter pack. 'Note It is
good practic to decelop all samcnW and ifitm-packed well n stage.

6. Continue well development until produced water is clear and free of suspended
solids. Record pertinent data in the field logbook and on appropriate well

4 development form per HAZWRAP SOP 1, Parts A and B, respectively.
7. Remove the pump assembly or bailers from the well, decontaminate (if required), and

-1 * clean up the site. Lock the well cover before leaving. Dispose of produced water as
required by the project work plan.

5.2 VOLUMETRIC METHOD OF WELL PURGING
4

The following steps should be followed when purging a well by the volumetric method:

1. Put on personnel protective clothing and equipment as specified in the site-specific
health and safety plan.

S2. Open the well cover and check the condition of the wellhead, including the condition
of the surveyed reference mark, if any.

3. Determine the depth to static water level and depth to bottom of well string.
Calculate the well volume (volume of water within the well bore) using the following
formula (or equivalent):

t0€ *1••••
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1 7.4805 (4X)dH = volume (in gallons),

I where

D = casing diameter in feet. (NOTE: This equation is used for grouted wells with
short screens For wells with long screens and/or ungrouted wells, then D =
borehole diameter in feet.)
SdH - the distance from well bottom to static water level in feet.

Note these data and calculations in the field logbook.

4. Prepare the pump and tubing, or bailer, and lower it into the casing.
5. Remove the number of well volumes specified in the project plans. Generally, three

to five well volumes will be required. In low-recharge aquifers, the well will
commonly pump or bail to dryness before three well volumes of water are removed.
If this is the case, there is no need to continue with purging operations (HAZWRAP
Position Paper No. 2). Record pertinent data (e.g., water volume) in the field

i 6 logbook.
6. Remove the pump assembly or bailer from the well, decontaminate it (if required),

and clean up the site. Lock the well cover before leaving. Dispose of producedI water as required by the project work plan.

4 5.3 INDICATOR PARAMETER METHOD OF WELL PURGING

1. Put on personnel protective clothing and equipment as specified in the site-specific
health and safety plan.

2. Open the well cover and check the condition of the wellhead, including the condition
of the surveyed reference mark. if any.

3. Determine the depth to static water level and depth to bottom. Lower the probe(s)
of the indicator meters (e.g., temperature, conductivity) into the water to a point
near (but not at) the well bottom or use the flow-through system for indicator
parameter meuurement. Alternatively, set up surface probe(s) (e.g., pH, dissolved
oxygen) at the discharge orifice or dedicated probe port of the pump assembly or
within the flow-through chamber. Allow subsurface probe(s) to equilibrate according
to manufacturer's specifications. Record the equilibrated readings in the field
logbook together with the time.

4. Assemble the pump and tubing, or bailer, and lower into the casing.
5. Begin pumping or bailing the well. Record indicator parameter readings at

predetermined intervals. Maintain a record of the approximate volumes of water
produced.

& Continue pumping or bailing until indicator parameter readings remain stable within
t10% for three consecutive recording intervals. Purging should continue until the
discharge stream is clear. In low-recharge aquifers the well may pump or bail to

* 0 60 S 000
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dryness before indicator parameters stabilize. In this case, there is no need to
continue purging. Record pertinent data (e.g., water volume) in the field logbook.

7. Remove the pump assembly or bailer from the well, decontaminate (if required), and
clean up the site. Lock the well cover before leaving. Dispose of produced water as
required by the project work plan.

6. RESTRICrIONS•LIMTATIONS S

Where flammable free or emulsified product is expected or known to est on or in
groundwater, use only intrinsically safe electrical devices and place portable power sources (e.g.,
generators) 50 ft or more from the wellhead and disposal drums.

S

7. REFERENCES
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--.- NONCONFORMANCE REPORT
NRI NO. /

PROJECT A7.ANG k1, 14nrhor PAGE 1L OF

PROJECT NO 409721 OAT1: 0'18/91

1. NONCONFORMANCE DESCRIPTION

Problem: Poor recovery of some pe,1- or ,ompletel los, of peaks fur start of day
standard analysis.

Criteria: Per SOP, start of day calibration will be ran and acceptable recovery occur for
all compounds.

Impact: Has no impact on previous analytical data, but will have significant impact on
any future data if not corrected.

01/17/91

lOIN WD BY ATIL __ _

2. PROPOSED CORRE.CTWl ACTION INCLXOING I rTIATION AND COMPLETION DATES

Cleaning of lamp and detector head 01/17, 01/18, 01/19 and recalibrate.

* 4

TO W PWEFORMED BY: . ,

&. APPROVAL FOR PROPOSED CRETV

* ~4.CRE~V ACTION TAMU (IF OIFPERENT FROM THATPROSD

4 GC was replaced 01/19/91 with a new instrument from a different vendor.

S GRRCTlE ACTION COMPLETE I0B1/1O9,/91
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NR NO. ____

PROJECT A7ANCU St-y H arbor PAGE .- OF ._
PROJECT No. 409721 DATE: 01/30/91

1. NONCONFORMANCE DESCRIPTION

Problem: Significant shifting of retention time and loss of resolution for ethylbenzene
and xylenes.

Criteria: Per SOP, calibration should show consistent retention time and separation of
peaks.

Impact: Samples ran during time GC was out of control, some tentative identification
and quantification of compounds based upon information from retention time
data obtained from extra standard runs daily. Samples will be rerun when
back on line.

CWIDE~FUD @Y: L~a&OýA ML

2. PROPOSED CORRECT!I ACTIO INCLUON NTIAON AND COMPLETION DATES

Check temperature program, carrier gas flow rate, carrier gas pressures, connectors for
leaks, cycle through program shooting standards monitoring standards data 01/29 through
02/01/91.

To a PERFORMED BY: ŽC~

3.APPROVAL FOR PROPOSED CORRCIEACIt-

4. CORRCTIVE ACTION TAM (F DIqqURT PO ThAT PROPOSED)

Same as above.
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SpERFORMED U: Th____
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--- NONCONFORMANCE REPORT
NR NO.

PROJECT A7.AN,"ky Hari-or PAGE - OF.

POJECT NO. 409721 DATR: 03/04/91

1. NONCONFORMANCE DESCRIPTION

Problem: No sensitivity of PID detector for TCA, after finding that TCA and DCE are
not co-eluding as originally thought.

Criteria: Scope of work required analysis of samples and reporting contamination
concentration for TCA.

S

Impact: Reported concentration for DCE will change along with detection limits; will
not be able to report confident TCA values.

02/02/91

2. IqROPOSaD COPJECTWE ACIN INCL.UOMN INITITI'ON AND COMPL.ETION DATES

Continue program on present course, at end of project re-intergrae DCE values, review
FID response for TCA and see if its possible to determine TCA concentration from FID.

2/21/9 -03/04/91

3 APPROVAL FOR PROPOSE ,ORRECTIVE ACTION- ,,

4. CORECTIVE ACTION TAMN (IF DIFFEW NT FROM THAT P O

Same as above. UCE values were reintergrated and corrected values reported, TCA detection
limit for FID was high and resulting curve was poor and inconsistant. Results reported with
unique qualifier.

L ORETV ACTION COLEUI IAT 03/04/91

CC: PROGAMW MANAGER
h ~PROJECT MANAME
A ~OUA~1ASURNC MANAGERIOU•I•I ASSUR~qANCEl COORDIATOR

CFLEE
n iHiliim

Orrmb



, go

I Is.
94

u5

CS-

4 . I cc "

C" co co -I

CSS

0- 'a, . C -4 C

11.2-Dt 'aW-0 l



% I

* 44

C-0

0 40



III

Ib

APPENDIX B

PRELIMINARY REVIEW OF HYDROGEOLOGIC
DATA FOR FACILITIES ADJACENT TO

SKY HARBOR AIR NATIONAL GUARD BASE



SMemorandum "
I TECHNOLOGY

CORPORATION M emor

STo Don Willen, Project Manager Date September 18, 1990

From Steve Sares, Principal Hydrogeologist

Sub]ect Preliminary Review of Hydrogeologic Data for Facilities
Adjacent to Sky Harbor Air National Guard Base

I. INTRODUCTION

In accordance with your request, I have prepared a brief summary of

data collection activities and analysis of hydrogeologic data for
0 facilities adjacent to the Sky Harbor Air National Guard facilities

at the Phoenix, Arizona Airport (the Base). These activities and
preliminary conclusions regarding the hydrogeology of the vicinity
are presented below.

a
The goal of this data collection and review effort is to aid in
determining appropriate monitoring-well placement and design
specifications for wells to be installed during the Base Site
Investigation (SI). As you are aware, there has been much
discussion of appropriate depth, screen interval, and location for
the SI monitoring wells.

Data collection activities for this task were conducted between
July 9 and 11, 1990 and consisted of locating and obtaining
available potentiometric records for facilities generally within

0 one and one-half miles of the Base. Field activities such as
verification of well locations or measurement of water levels were
not conducted during data collection activities. All findings

* presented below are based on the assumption that data collection,
reduction, calculation, and presentation contained in the records
are accurate and complete. Records were obtained from the

* following agencies:

City of Phoenix Environmental Services Department

* "Arizona Department of Environmental Quality (ADEQ)

Arizona Department of Water Resources (ADWR)

In addition, a Remedial Investigation report was located at a
public library which contained hydrogeologic information relevant
to the Air National Guard facilities at the Papago Milizary
Reservation (Papago). The sources of information and relevant
hydrogeologic information are further discussed below.

LA8 85
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Mr. Don Willen
September 18, 1990
Page 2

I II. DATA SOURCE BIBLIOGRAPHY

Six primary sources of information were identified and evaluated in
this effort. Selected pages of reports and files were extracted
and copied from the sources listed below:

0 A. Summary of the Phase II Site Investigation for the City
* of Phoenix at the West Sky Harbor Fuel Storage Facility

and Vicinity, Phoenix Sky Harbor International Airport,
* Phoenix, Arizona. (May 31, 1990), Groundwater
* Technology, Inc. Received from Mr. Donn Stoltzfus, City

of Phoenix.

B. ADEQ files for Avis Sky Harbor, ADEQ File No. 4715.122.
Received from Mr. Douglas Jamison, ADEQ.

C. ADEQ files for Garrett General Aviation Services
* Division, ADEQ File No. 4715.355. Received from Mr.

Douglas Jamison, ADEQ.

D. Draft Remedial Action Plan for Del Rio Landfill, City of
Phoenix, Arizona (February 23, 1990), Dames and Moore.
Received from Mr. Donn Stoltzfus, City of Phoenix.

E. Estes Landfill Hydrogeology. Received from Mr. Donn
Stoltzfus, City of Phoenix.

F. Remedial Investigation Report, 52nd Street RI/FS,
Phoenix, Arizona for Motorola, Inc. (June 1987), Dames
and Moore. Copy at Saguaro Library, Phoenix, Arizona.

In addition to the above referenced documents, several others were
reviewed and received from the agencies listed above. Information
in the additional documents either duplicated information presented
below or are for facilities remote from the Base. Mr. David Annis
of the ADWR also provided much valuable discussion regarding
facilities and history of hydrogeologic investigations in the area
adjacent to the Base.

II. FINDINGS

Results of the hydrogeologic investigation at the Sky Harbor fuel
facilities (Reference A) are likely to be directly applicable to
the SI as the fuel facilities are located approximately 4,300 feet
(0.8 miles) from the center of the Base on a bearing of fifty
degrees west of north (N 50 W). These findings are summarized
below.

0

a
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September 18, 1990
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Five monitoring wells, 90 feet deep, were installed at
the site in March and April 1990. The water level in
each well is approximately 71 feet below grade or at an
elevation of 1,038 to 1,036 feet above Mean Sea Level
(feet MSL).

Detailed casing elevations and depth to water were not
included in the information provided, however, a site
gradient map indicates a due westerly groundwater flow
di.Lction at a gradient of approximately 0.002 or 10.9 ft
per mile.

Lithologic logs indicate mixed, unindurated alluvium at
the site consisting generally of sand to silt in the 0-5
foot depth interval, sand to pebbles in the 5-15 foot
interval, and sand to cobbles below 15 feet.

Avis Car Rental facility at Sky Harbor is conducting an
investigation for a fuel release (Reference B). The Avis facility
is located approximately 7,600 feet (1.4 miles) from the center of
the Base on a bearing of N 82 W. Findings from these files are
summarized below.

The depth to water, measured on 24 Nov 87 ranges from
61.26 to 64.51 feet below the surface, this corresponds
to an approximate elevation of 1,035 to 1,039 feet MSL.

The groundwater flow direction at the site is generally
west with the flow direction diverging to northwest and
southwest west of the Avis site. Reports suggest that
the divergence may be caused by an Arizona Department of
Transportation (ADOT) dewatering project located in line
with 21st Street between Buckeye Road and the Salt River.

The ADOT project was in operation at the time the
material in the files was prepared (1987). At that time
the dewatering system consisted of 11 wells each pumping
at approximately 1,500 gallons per minute.

The U.S. Geological Survey (USGS) conducted a pump test
during the dewatering project and determined the aquifer
transmissivity (T) to be 194,000 GPD/ft, and hydraulic
conductivity (K) to be 1,200 GPD/ft, using a saturated
thickness of 150 feet.

.. • (mRmm • m mmm'•--..--•mm m m mmm mmmm, m m •
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Garrett General Aviation Services Division operates a facility
located approximately 6,300 feet (1.2 miles) southwest of the
center of the Base on a bearing of S 73 W. This facility is
conducting an investigation for fuel and solvent release (Reference
C). Findings from the Garrett files are summarized below.

The depth to groundwater was measured to be approximately •
55.5 to 57.9 feet below grade or at an elevation of 1,044
to 1,042 feet MSL on 5 Dec 88.

Garrett has presented the groundwater flow direction to
be northwesterly (N 36 W). The ADEQ disagrees with this
intexpretation and states that the ground water flow
direction at Garrett is North 80 East. This direction is
inconsistent with the regional flow direction as
indicated by all other references from the area. I have
reviewed the available potentiometric data at Garrett and
the flow direction, based on three-point solutions ranges
from N 15 W to S 36 E depending on the combination oi
wells used. Thus the data from Garrett appears
inconsistent and should not be relied upon for the Base
SI.

The City of Phoenix owns a landfill located approximately 14,600 5
feet (2.8 miles) southwest of the Base on a bearing of S 74 W.
This landfill is called the Del Rio or 16th Street landfill and it
is located on the south edge of the Salt River (Reference D).
Findings from the files are presented below.

Depth to groundwater is typically 35 to 40 feet below
ground level or at an elevation of 1,045 t, 1,040 feet
MSL.

Water levels in wells have demonstrated fluctuation of up
to 28.7 feet in a single well over a period of ten years.
The peak water level (all wells) was 1,055.6 feet MSL 5
(approximately 24 feet below ground level). The minimum
water level over the same period was 1,020.51 feet MSL
(approximately 59.5 feet below ground level).

Hydrographs for monitoring wells over the period from
1979 to 1990 indicate that water elevations in wells in 5
the period 1986 to 1990 are at the lower end of the range
(1,025 to 1,045) while during the period 1983 to 1986
they were in peak ranges (1,055 to 1,045). In general,
water levels in these wells have declined approximately
20 feet from the 1983 peaks to the 1990 lows or an
average of 2.8 feet per year. Prior to the 1983 peak 5
levels, water levels were in the 1,030 foot range as late

o • • •• • •
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as 1982. Water levels in monitoring wells demonstrate a

strong correlation to flows in the Salt River, thus a
continued decline in water levels cannot be projected.

Reference D provided several potentiometric maps for the
Del Rio Landfill. These maps were prepared by the
authors of the report by unknown means. Based on the

Ii maps presented, the groundwater flow direction averages
a bearing of N 60 W (300 degrees azimuth) for nine maps
,•iresented in the report under dry river conditions. One
potentiometric map representing conditions of flow in the
river was also presented, the groundwater flow direction
in this case was S 57 W (213 degrees azimuth).

The City of Phoenix also owns another landfill southeast of the
Base. The Estes Landfill is located approximately 6,500 feet (1.2

4 miles) from the Base on a bearing of S 82 E (Reference E).

Depth to water at the Estes Landfill is typically 40 to
60 feet below ground level or at an elevation of 1,080 to
1,060 feet MSL.

4 Water levels in monitoring wells also fluctuate in
association with flow in the River at the Estes Landfill.
The maximum fluctuation observed in a single well over a
period of seven years is 43.77 feet. The peak
groundwater elevation in all wells is 1,111.5 feet MSL
(approximately 20 feet below ground level). The minimum

4 I water level in all wells was 1,038.63 feet MSL (84 feet
below ground level.

Potentiometric data from shallow and deep wells suggest
a downward vertical gradient at the Estes Landfill,
however, lack of well specifications in the information

4 •presented prohibits and analysis of the ver.tical gradient
conditions.
The groundwater flow direction from prepared maps

U reviewed averages S 83 W during dry conditions in the
river. One map presented for streamflow conditions

4 depicts a groundwater flow direction of S 51 W.

The Motorola facility is located approximately 3000 feet (0.6
miles) on a bearing of S 15 W from ANG facilities at the Papago

S' Military Reservation. Findings from review of Reference F are
presented below.

I
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Depth to water at the Motorola facility is approximately 22
feet below the ground level or at an elevation of 1,198 feet
MSL.

Hydrograph records for well DM101 (nearest to Papago) indicate
a maximum fluctuation of five feet, primarily in response to
precipitation, The peak water level in this well was 17.5 feet
below the top of casing and the minimum measured was 23 feet
below the top of casing.

Groundwater flow direction in the shallow portions of the
4 aquifer is approximately S 70 W.

Alluvium overlies volcanic bedrock to a depth of approximately
26 feet. The alluvium thins to the north and west and may be
thinner at ANG facilities at Papago.

4

III. DISCUSSION AND CONCLUSIONS

A. MONITORING WELL SCREEN INTERVAL

Sky Harbor

The Base is located in an area with ground elevation of
approximately 1,110 feet MSL. The current monitoring well design
calls for 50 feet of screen to be placed 30 feet below the ambient

O water table and 20 feet above the water table.

Data from the Sky Harbor fuel facility investigation and other
sites in the area suggest that the water table will be encountered
at a depth of approximately 70 feet below the surface or at an
elevation or 1,040 feet MSL. This configuration will require soil

4 borings to be extended to approximately 100 feet below the ground
surface for well construction. The well bottom will be located at
an elevation of approximately 1,010 feet MSL and the top of the
screen interval will be approximately 50 feet below ground or 1,060
feet MSL.

* Using data from the Del Rio Landfill (Reference D) during periods
of prolonged flow in the Salt River, water levels may be expected
to rise as much as 20 to 25 feet. Assuming a 20 foot rise in the
water table due to flow in the river, the water table elevation at
the Base would be approximately 1,060 feet MSL. This is at the
level of the top of screen in proposed monitoring wells. Based on

4 this scenario, it may be prudent to set the top of screen at an
elevation of 1,C65 or 25 feet above the expected water table.

I



II
Mr. Don Willen
September 18, 1990
Page 7

ka

A screen length of 50 feet would place the bottom of the well at
1,015 feet or 25 feet below the expected water table. Assuming
five feet of saturated well are required for representative samples
to be collected, the water table could go as low as 1,020 feet and
the wells would remain useful. This is approximately the lowest
level recorded at any of the surrounding areas, the 1,020 level
also represents over seven years of useful life at an average water
table decline rate of 2.8 feet per year. The 50-foot-long screen
proposed should be adequate for the objectives of the SI and future
use.

Papago

The current proposed monitoring well design for Papago wells is the
same as the wells designed for the Base; thirty feet of screen to
be placed within the water table. Given the information presented
in Reference F, above, it is likely that upon completion of
piezometers at Papago and measurement of water levels, it will be
desirable to modify the screened interval to allow 15 feet below
and five to ten feet above the water table. This interval should
be sufficient to accommodate anticipated water-level fluctuations.

B. MONITORING WELL PLACEMENT
S

Sky Harbor

6 Proposed monitoring well locations for the Base SI were developed
assuming a westerly (N 90 W) groundwater flow direction. The
possibility of significant deviation from this direction motivated
the collection of existing data to verify the assumption of
westerly grour-;ater flow.

Because the potentiometric data obtained during this effort were
not collected from a single point in time, they cannot be used in
preparation of an area potentiometric map, therefore accurate
prediction of groundwater flow direction for the base cannot be
made.

Generally, published groundwater flow directions are in a westerly
(S 83 W) to northwesterly (N 60 W) direction during no-flow
conditions in the Salt River. The exceptions to this condition are

p during flow in the river and one combination of water levels at the
Garrett Aviation facility. Groundwater flow direction during river

* flow is discussed below. The Garrett data are inconsistent, using
the same four data points groundwater flow direction variation of

i!
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140 degrees can be obtained. It is advisable not to utilize this
data in placement of SI wells unless separate conformation of
easterly flow directions can be made.

I

The available data indicate that during periods of river flow, the
groundwater gradient on the south side of the river is in a
southwesterly direction (S 57 W to S 51 W). It follows, assuming
flow in the river creates a mound in the water table coincident
with the axis of the river, that the groundwater flow direction
north of the river would be in a northwest (N 57 W to N 51 W)
direction during periods of river flow.

Using the above discussion it is reasonable to assume that
groundwater flow direction around the Base is primarily westerly,
with a maximum northerly component of 30 degrees north of west
during no-flow in the river and a maximum northerly component of 39
degrees during periods of flow in the river. Given this analysis
it is recommended that the initial plan of piezometer installation
and flow direction determination prior to well placement be adhered
to for the SI. It may be prudent to periodically measure water
levels in elevation-surveyed wells from surrounding facilities to
develop an area potentiometric map during the SI. Any offsite
monitoring should be limited to facilities within a one and one-
half to two mile radius of the Base.

Papago

Proposed monitoring well locations for Papago were developed
assuming a westerly groundwater flow direction. Should piezometric
information agree with the data contained in Reference F,
indicating a southwesterly flow direction, it may be desirable to
relocate well MW4-03 to the west side of Building 112. However
this determination should be postponed until site-specific
potentiometric data are available.

0 0
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I GEOPHYSICAL SURVEY
ii,

1.0 Introduction_

A geophysical survey was conducted from December 13 to 23, 1990 at Sky Harbor Interna-

4 tional Airport (lAP) in Phoenix, Arizona. The survey was conducted in two phases. The first
phase involved the geophysical clearance of all proposed soil organic vapor (SOV) sampling

points and soil boring and monitoring well locations of underground pipelines and utilities at
Site 1 (JP-4 Hydrant Area), Site 2 (Hazardous Waste Storage Area), Site 3 (Fuel Bladder

4 Area), Site 4 (107TCS Hazardous Waste Collection Area), and Site 5 (Ammunition Disposal
Area). Electromagnetic (EM) utility locators and ground penetrating radar (GPR) methods

were used during this phase of the investigation.

* During the second phase of the geophysical investigation, EM and GPR surveys were
conducted at Site 5 to locate buried ammunition. In 1980, live 50-caliber ammunition was

discovered in excavations during installation of a closed circuit television (CCT) system
(AZANG ;990). Ammunition was found in two areas shown in Figure 1. The Preliminary

4 Assessment (PA) reported that ammunition was found at depths ranging from 6 to 8 feet at a
location approximately 50 feet south of the CCT trench locations (HMTC, 1988).

The locations of the Site 5 EM and GPR surveys are shown in Figure 1. Several modifica-

I tions ,o the original survey design were necessary based on unanticipated field conditions. As
originally planned, magnetic and EM surveys were to be the primary means of locating buried
ammunition with the use of GPR restricted to problem areas or areas requiring additional

data. However, due to the abundance of surface structures, vehicles, and underground
4 utilities, EM surveying was conducted only in areas relatively uncongested with metallic

material. The magnetic survey was not performed because of interference from unwanted

sources over much of the area of the site. As a consequence, GPR was used as the primary
exploration tool. In addition, the EM survey was extended 130 feet to the west to include a

- more open area approximating background soil conductivity conditions.

2.0 Field Procedures.l
This section describes the field procedures used for the geophysical clearance and theI
KN/WP4S1)og-o-g/1DRAF'r #2
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geophysical survey at Site 5 (Ammunitions Disposal Area). A Geophysical Survey Systems,

Inc. (GSSI) Subsurface Interface Radar System 10, which was equipped with 120-, 300-, and W

500-MHz monostotic antennae, a Radio Detection Model RD-400 electromagnetic cable 0

locator, and a Metrotech Model 810 pipe and cable detector were used during the geophysical

clearance phase. The GPR unit and a Geonics EM-31DL (EM-31) with a digital data logger

were used during the geophysical surveys at Site 5. Detailed equipment descriptions and

supporting theory are included in Appendix A.

2.1 Geophysical Clearance

Geophysical field procedures used to clear drilling locations of subsurface obstructions are

described in this section. First, all utilities near the drilling point evident from utility maps

and visual observation were traced by placing the Metrotech or RD-400 transmitter on the

line, delineating the line using the receiver, and marking it on the ground surface using

orange surveyor's paint. Individual drilling locations were then cleared by holding the

transmitter on the line and circling with the receiver at a radius of approximately 40 feet.

When a line was located using the receiver, the transmitter was relocated to that point and the

line was traced and marked in the vicinity of the drill point. If a utility was found within

approximately 3 feet of the drilling location, it was moved and the entire procedure repeated.
Finally, in areas where nonmetallic pipes or large numbers of utilities were present, two * S

perpendicular GPR profiles were conducted over the drilling point using the 120-, 300-,

and/or 500-MHz antennae. If additional utilities were located within 3 feet of the drilling

location, the boring was moved and the clearance procedures repeated.

2.2 Geophysical Survey: Site 5 - Ammunition Disposal Area

EM and GPR surveys were conducted at Site 5 to determine the possible location of buried

ammunition disposed of during the 1950s.

To provide spatial control, a 20- by 20-foot grid was marked with surveyors paint in the area

of interest. The location of the base grid relative to permanent site features is shown in

Figure 1.

Readings of conductivity and in-phase component field strength, as measured by the EM-31,

were collected at 5-foot intervals along both north-south and east-west lines spaced 20 feet

apart. The locations of the EM survey lines are shown in Figure 1. Data were stored in a
digital data logger and downloaded to a laptop computer at the completion of the survey.

Many of the EM survey lines were conducted in segments due to buildings and other

KNVWP451/09-03-91/DRAFT #2 2
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obstructions. For example, data were not collected in the Liquid Oxygen Storage Area

(Building No. 46 and its perimeter) because of the adverse effects of the oxygen tanks and 3)

surrounding fences.

The GPR survey was concentrated in the vicinity of the Ammunition Dump and in the areas

where ammunition was discovered during trench excavations in 1980. The locations of the

GPR profiles are shown in Figure 1. All GPR profiles within the Liquid Oxygen Storage S

Area (Lines GPR-1 through GPR-9) were conducted with both the 300- and 120-MHz

antennae All other GPR profiles were conducted with only the 300-MHz antenna. All GPR

data were stored on digital tape for later processing.

To allow an accurate interpretation of the geophysical data, the locations of all surface

metallic objects were accurately plotted relative to the base grid as shown in Figure 2.

3.0 Data Processing and Interpretation 5

Computer-generated plots of the EM profiles are included in Appendix B. In-phase and

conductivity anomalies were tracked from line to line when possible, or noted as single

anomalies. Some portions of the data severely affected by buildings and vehicles were

deleted before plotting.

Field mapping of surface metallic objects made it possible to distinguish anomalies caused by

known sources from those caused by buried pipelines and other conductive objects. Contour

maps of the EM data were not generated because a significant portion of the data was

affected by buried objects and surface features.

Color plots of the GPR sections were made for interpretation, with a color scale proportional

to the amplitude of the reflected signal. Two-way travel times were converted to depths

using an assumed relative dielectric constant of five. Anomalies due to known sources, such

as surface objects or buried pipes, are noted on the profiles. Examples of interpreted GPR

sections are included in Appendix C.
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* 4.0 Discussion and Results

The first phase of geophysical surveying involving geophysical clearance of subsurface

obstructions to drilling resulted in the successful installation of all SOV probes, soil borings, 4

and monitoring wells.

In the second phase of geophysical surveying, EM and GPR were used to assess the likeli-

hood of additional buried ammunition at Site 5. The results of the EM survey are presented

graphically in Appendix B and are summarized in Figure 2. After discarding in-phase and

conductivity anomalies due to known sources, significant remaining anomalies were observed

to exhibit continuity between parallel survey lines, and because of their linear character are

interpreted to be caused by underground utilities.

GPR profiles are presented in Appendix C. Assuming a relative dielectric constant of five for

geologic materials at Site 5, effective depth of penetration was approximately 5 feet for the

300 MHz antenna and approximately 12 feet for the 120 MHz antenna. Although the

penetration depth of the 120 MHz antenna was significantly greater, its resolution was

correspondingly lower then the 300 MHz model. In addition, the 120 MHz antenna was not

shielded, and therefore was subject to signal interference from aboveground sources. An

example of this can be seen in Figure C-4, in which a fence is responsible for a hyperbolic

reflection between 75 and 90 feet. Because of these shortcomings, it is not likely that the 120

MHz antenna was capable of resolving containerized ammunition.

The anomalies observed on GPR profiles north of monitoring well MW5-02 were compared

with known surface and subsurface features as shown in Figure 2. Two significant anomalies

could not be related to known features. Anomaly A, shown in Figures 2 and C-2, is located

at approximately 19 feet south on Line 440 east. This anomaly is traceable through several

parallel survey lines, and its trace intersects a manhole located at the intersection of Lines 400

east and 20 south. Further, the depth of the anomaly is less than approximately 3 feet. There

is little doubt that the source of the anomaly is an underground utility. Anomaly B (Figures 2

and C-2) is characteristic of a metal object very near the ground surface. A similar anomaly

was caused by an iron manhole at the intersection of Lines 400 east and 20 south.

KNdWP451/09-03-91/,DRAFT #2 4
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GPR surveys in the area north of monitoring well MW5-02 were apparently capable of

resolving underground utilities down to several inches in diameter. Therefore, assuming that

ammunition was containerized or buried in some other bulk fashion, it is likely its presence I

would be indicated in the GPR data to a depth of roughly 5 feet. The lack of unaccounted- 4

for GPR anomalies is an indication that large concentrations of ammunition are not present in

this location.

GPR profiles in the vicinity of Building 46, labelled GPR-1 through GPR-9 in Figure 1, were

compared with known surface and subsurface features. Anomalies traceable across several

records can be explained by the presence of features shown in Figure 2. For example,

comparison of Figures 2 and C-4 demonstrates the hyperbolic signature of several under-

ground utilities and the masking effect of the concrete-slab floor of Building 46.

No anomalies were found that strongly indicated the presence of buried ammunition near

Building 46. However, as shown in Figure C-4, geologic layering below a depth of approxi-

mately 2 feet is apparently indistinct to nonexistent. This leads to two possibilities: (1)

layering does not exist; this may be a natural condition or layering may be disturbed, (2)

layering exists but was not resolved with GPR due to poor penetration or interference from

known features. In considering the latter case, Figures C-l, C-2, and C-3 should be compared 0
to Figure C-4. Figures C-1, C-2, and C-3 are radar profiles obtained along survey lines

located approximately 150 feet northeast of Building 46 (Figure 1). Geologic layering in this

area appears much more distinct than in the vicinity of Building 46; thereby lending support

to the former possibility.

5.0 Conclusions

Two phases of geophysical surveying were conducted at Sky Harbor IAP using GPR and EM

methods. The first phase of surveying involved geophysical clearance of drilling and SOV

locations of subsurface obstructions. In the second phase of the survey, subsurface conditions

were assessed for the presence of buried ammunition.

The geophysical clearance phase of work resulted in the successful installation of all borings,

monitoring wells, and SOV sample points.

The results and conclusions of the second phase of the investigation are based primarily on

GPR data. The EM data were of limited use because of the adverse effects of abundant
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surface and subsurface electrically conducting material not related to previous disposal

operations.

Radar data in the vicinity of Building 46, the Liquid Oxygen Storage Area, did not provide 4

direct evidence of buried ammunition. However, the apparent lack of layering in geologic

materials within this area may be due to excavation and disruption during disposal operations.

Geologic layering appears more distinct in the survey area northwest of Building 46. This

may be an indication that disposal has not occurred in this area. Further, no anomalous

materials were apparent in the radar data to its approximately 5-foot depth limit, although

underground utilities were clearly resolved in this same interval. This implies that buried S

ammunition, if present and of approximately the dimensions of a typical underground utility

diameter, would be detected to a depth of approximately 5 feet.

Direct confirmation of the presence or absence of buried ammunition at Site 5 is not possible

based solely on nonintrusive methods. Individual cartridges smaller than the minimum

dimensions resolved by GPR may be present at any of the locations surveyed. Ammunition

in any form may be present at depths greater than effectively sensed by radar. Finally,

ammunition disposal occurring in discrete zones of dimensions smaller than the geophysical * 0
grid spacing of 20 feet may not have been crossed by a geophysical survey line and therefore

could remain undetected.
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APPENDIX A

THEORETICAL BACKGROUND

A. 1.0 Electromagnetic Induction
Electromagnetic (EM) induction equipment used during this investigation consisted of a

Geonics EM-31DL terrain conductivity meter (EM-31) with an Omni digital data logger, a

Metrotech Model 810 pipe and cable detector (Metrotech), and a Radio Detection Model RD-

400 electromagnetic cable locator (RD-400).

The EM-31 has a transmitter and receiver coil mounted at each end of a 12-foot-long plastic

boom. An audio-frequency alternating current is applied to the transmitter coil, causing the

coil to radiate a primary EM field with a magnetic field vector parallel to the axis of the

coils. This time varying magnetic field induces eddy currents in any conducting material in

the subsurface as described by Faraday's Law on induction. These eddy currents have an

associated (secondary) magnetic field with a strength and phase shift relative to the primary

field that is dependent on the conductivity of the medium. The receiver coil measures the

resultant effect of both primary and secondary fields. By comparing the signal at the receiver

to that at the transmitter, the instrument is able to record the in-phase component (in-phase) 0

and the component 90 degrees out of phase (quadrature) with the primary field.

Most geological materials are poor conductors, and the flow of current through the material

takes place in the pore fluids (Keller and Frischknecht, 1966). Conductivity is predominantly

a function of soil type, porosity, permeability, pore fluid ion content, and degree of saturation.

The EM-31 is calibrated so that the out-of-phase component is converted to electrical

conductivity in units of millisiemens per meter (mS/m) (McNeill, 1980). The in-phase

component is read in parts per thousand (ppt) of the primary EM field and is generally

adjusted in the field to read zero response over background materials.

The depth of penetration for EM induction instruments is dependent on the transmitter-

receiver separation and coil orientation (McNeill, 1980). The EM-31 has an effective

exploration depth of about 18 feet when operating in the vertical dipole mode (horizontal

coils). In the absence of large metallic features such e, tanks, drums, pipes, and reinforced

concrete, the maximum instrument response results from materials at about 3 to 5 feet below

ground surface. A single buried drum typically can be located to depths of about 5 feet

whereas clusters of drums can be located to significantly greater depths depending on
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background noise. The EM-31 generally must pass over or very near to a buried metallic

object to detect it. Both the out-of-phase (conductivity) and in-phase components exhibit a

characteristic anomaly over near-surface metallic conductors. This anomaly consists of a
narrow zone having strong negative amplitude centered over the target and a broader lobe of

weaker, positive amplitude on either side of the target. For long, linear conductors such as

pipelines, the characteristic anomaly is as described above when the axis of the coils

(instrument boom) is at an angle to the conductor, however, when the instrument boom is

oriented parallel to the conductor, a positive amplitude anomaly is obtained.

EM-31 applications include the delineation of soil contamination, oil brine pits, buried

metallic and nonmetallic debris, landfill boundaries, buried pipes and cables, and buried

drums and tanks.

The RD-400 and Metrotech are specifically designed to accurately locate and delineate

underground pipes and utilities. A transmitter emits a radio-frequency signal that induces a

secondary EM field in nearby utilities. A receiver unit measures the signal strength of this
secondary field and emits an audible response to allow the precise location of the pipe, cable,

or other conductor in which a signal is induced. If the utility is accessible anywhere, the

source signal can be directly applied to it, making the secondary field much larger and readily 0
measurable.

A.2.0 Ground Penetrating Radar
Ground penetrating radar (GPR) equipment used during this investigation consisted of a

Geophysical Survey Systems, Inc. (GSSI) Subsurface Interface Radar System 10 equipped
with 120-MHz, 300-MHz, and 500-MHz monostatic antennae.

In conducting a GPR survey, a transmitter antenna that emits a high frequency (center

frequencies in the range of 80 to 900 MHz) EM wave into the subsurface is pulled along the

survey line. This wave propagates at the speed of light in a vacuum scaled by the square root

of the relative dielectric constant of the medium and reflects at boundaries where the relative

dielectric constant (and therefore the propagation velocity) changes. The contrast in velocity
between the two media can be quantified as a reflection coefficient at the boundary. The

magnitude of the reflection coefficient increases as the contrast in velocities increases, and its

sign is positive or negative depending on whether the velocity increases or decreases,

respectively, at the boundary.
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I The reflected signal is detected at a receiver antenna, often as a characteristic triplet that is E
the result of the receiving antenna response and multiples generated along the propagation X

I path. The signal is transmitted to a control unit, displayed on a color monitor, and saved on

digital tape (if necessary).

As predicted by Maxwell's equations for a propagating EM wave, two kinds of charge flow

J are caused by the alternating electric (E) and magnetic (H) fields associated with it (Ulriksen,

1982). These are conduction currents and displacement currents. The conduction current

term is predominant at lower frequencies and it is these that are used in the EM induction

method. At the higher frequencies used in the GPR method, the displacement current term

becomes predominant. The high frequencies will set bound charges in motion causing s
j polarization.

The material physical properties that describe the movement of charges by conduction

currents and displacement currents are the conductivity and the dielectric constant of the

medium, respectively. The conductivity is a measure of the ease with which charges and

charged particles move freely through the medium when subjected to an external electric

field. The dielectric constant, or its value normalized by the dielectric constant of free space,
called the relative dielectric constant, is a measure of how easily a medium polarizes to

accommodate the EM fields of propagating wave (Keller and Frischknecht, 1966).

Although conductivity has a lesser effect on the transmission of EM waves emitted from a
GPR unit, it does have an important effect on the attenuation of the waves (Ulriksen, 1982).

Highly conductive media will attenuate the EM signal rapidly, restricting depth penetration of

the first several feet. Highly resistive (poorly conductive) media will allow much deeper

depth of penetration. The frequency of the transmitted waves also affects the depth of

penetration. Lower frequencies penetrate deeper, but have low resolution, whereas the higher
frequencies can resolve smaller objects and layers at the expense of decreased effective depth

penetration.

In unconsolidated materials, conduction takes place mostly through the pore fluids (Keller and

Frischknecht, 1966). Changes in pore fluid content, porosity, permeability, and degree of

saturation will therefore affect reflected and refracted EM signals. This is how trenches, in

which there may be different compaction relative to the surrounding area, can be identified.

When the target of a GPR survey is a metallic conductor such as metal pipes and cables,

drums, tanks, ammunition shells, etc., the mechanism is somewhat different. An EM wave
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will completely reflect when reaching a metallic conductor. This total reflection makes

metallic targets well suited for the GPR method when they are within the depth of penetration U;

range of the instrument. There will be no reflections from below the metallic conductor,

although there generally will be multiples. The edges of the metallic reflector will have .

diffraction patterns that are a result of the fact that both the transmitting and the receiving

antennae are not focused, but emit and receive from a 45 degree cone. This cone allows the

radar to see objects that are ahead of it, placing them deeper in time. As the radar

approaches the object, the reflection becomes shallower, with the shallowest reflection taking

place when the radar is right above it. The same pattern will be seen as the antenna moves

away from the object.

Applications of GPR include delineation of pits and trenches containing metallic and

nonmetallic debris; location of buried pipes, drums, and tanks; mapping of landfill boundaries;

and mapping of near-surface geology. Near-surface metallic objects such as pipes and tanks

exhibit a characteristic high-amplitude hyperbolic anomaly and generally are relatively easy to

recognize.
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EXECUTIVE SUMMARY

From January 15-17, 1991, TARGET Environmental Services, Inc.

(TARGET) conducted a soil gas survey at the Sky Harbor Air National 0

Guard Base and at the Papago Military Reservation, Phoenix,

Arizona, as part of a site investigation. Samples were analyzed

by GC/FID for petroleum hydrocarbons and by GC/ECD for chlorinated

hydrocarbons.

Very low levels of FID Total Volatiles occurred in several

locations in the JP-4 Hydrant Area and the Hazardous Waste Storage

Area at the Sky Harbor Air National Guard Base and at the Papago

Military Reservation. None of the standardized FID analytes were

present above their 1 gg/l detection limit in any of the areas at 0

either site.

GC/ECD analysis indicated that relatively low levels of 1,1-

dichloroethene (1,l-DCE) were present in samples collected from the

JP-4 Hydrant Area and the Hazardous Waste Storage Area at the Sky

Harbor Air National Guard Base. Tetrachloroethene (PCE) was

observed in all field samples. However, since comparable levels

were also observed in all Field Control Samples (indicating

persistent carryover in the sampling equipment), it is questionable

whether the concentrations present in the field samples accurately 5

reflect conditions in the soil gas at the sampling locations. None

of the other standardized halogenated hydrocarbons were present

above their respective detection limit in any soil gas samples from

either site.
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Introduction

IT Corporation contracted Target Environmental Services, Inc.

(TARGET) to perform a soil gas survey at three locations on the Sky

Harbor National Guard Base and at one location on the Papago

Military Reservation, both in Phoenix, Arizona, as part of a site

4 investigation. The field and analytical phases of the work were

performed from January 15-17, 1991.

Field Procedures 9

Soil gas samples were collected at a total of 32 locations at

the three sites. Fourteen (14) samples were collected at Site 1

(JP-4 Hydrant Area), 11 with the hydraulic probe and 3 with the

drive rod. Twelve (12) samples were collected in Site 2 (Hazardous

Waste Storage Area), all using the hydraulic probe. Sampling was

attempted but was unsuccessful in three locations in Site 3 (Fuel

Bladder Area). Six (6) samples were collected at the hazardous

waste collection area on the Papago Military Reservation, all with

the drive rod. Sampling order is included in Table 1 and sampling 0

depths are shown in Table 2.

To collect samples with the van-mounted hydraulic probe, the

probe was used to advance connected 3' sections of i" diameter 0

Sthreaded steel casing down to the sampling depth. Although the

j proposed sampling depth was 10', some samples were collected at

shallower depths due to probe refusal. The entire sampling system 0

was purged with ambient air drawn through an organic vapor filter

cartridge. A teflon line was inserted into tne casing to the

bottom of the hole, and the bottom-hole line perforations were

I
1
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3 isolated from the up-hole annulus by an inflatable packer.

To collect samples with the drive rod, a 1/2 inch hole was

produced to the sampling depth. Where pavement was present, an

electric hammer drill was employed for penetration prior to using

the drive rod. The entire sampling system was purged with ambient

air drawn through an organic vapor filter cartridge, and a stain-

less steel probe was inserted to the full depth of the hole and

sealed off from the atmosphere.

Whether using the hydraulic probe or the drive rod, a sample

of in-situ soil gas was then withdrawn through the probe and used

to purge atmospheric air from the sampling system. A second sample

of soil gas was withdrawn through the probe and encapsulated in a

pre-evacuated glass vial at two atmospheres of pressure (15 psig).

The self-sealing vial was detached from the sampling system,

packaged, labeled, and transported to the laboratory for analysis.

Prior to the day's fielQ activities all sampling equipment,

drive rods, and probes were decontaminated by washing with soapy

water and rinsing thoroughly. Internal surfaces were flushed dry

using pre-purified nitrogen, and external surfaces were wiped clean

using clean paper towels.

* Field control samples were collected at the beginning and end

of each day's field activities and after finishing a day's sampling

in an area. These QA/QC samples were obtained by inserting the

4 probe tip into a tube flushed by a 20 psi flow of pre-purified

nitrogen and collecting in the same manner as described above.

2
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Laboratory Procedures

All of the samples collected during the field phase of the

survey were subjected to dual analyses in the field in TARGET's

climate-controlled mobile laboratory using a Shimadzu 14-A gas

chromatograph.

The first analysis was conducted according to EPA Method 601

(modified) on a gas chromatograph equipped with an electron capture

detector (ECD), but using direct injection instead of purge and

trap. Specific analytes standardized for this analysis were:

1,1-dichloroethene (1,1-DCE)
1,1,1-trichloroethane (1,1,1-TCA)
tetrachloroethene (PCE)

Ten other halogenated hydrocarbons are also included in

TARGET's standard gas mixture and are standardized in every

analytical batch. These compounds (and their respective detection

limits, in ag/l) are trichlorofluoromethane (0.05), methylene

chloride (1.0), trans-1,2-dichloroethene (1.0), 1,1-dichloroethane

(1.0), cis-l,2-dichloroethene (1.0), chloroform (0.10), carbon

tetrachloride (0.05), trichloroethene (0.10), 1,1,2-trichloroethane

(0.10), and 1,1,2,2-tetrachloroethane (0.1).

The second analysis was conducted according to EPA Method 602

(modified) on a gas chromatograph equipped with a flame ionization

detector (FID), but using direct injection instead of purge and

trap. The analytes selected for standardization in this analysis

were:

benzene
toluene
ethylbenzene
meta- and para- xylene
ortho-xylene

3
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3 These compounds were chosen because of their utility in evaluating

the presence of fuel products, or petroleum based solvents.

4 The FID Total Volatiles values were generated by summing the

areas of all chromatogram peaks and calculated using the instrument

response factor for toluene. Injection peaks, which also contain

the light hydrocarbon methane, were excluded to avoid the skewing

of the Total Volatiles (Totals) values due to injection distur-

bances and biogenic methane. For samples with low hydrocarbon

concentrations, the calculated Total Volatiles concentration is S

occasionally lower than the sum of the individual analytes. This

is because the response factor used for the Total Volatiles calcu-

lation is a constant, whereas the individual analyte response fac-

tors vary with concentration. It is important to understand that

the Total Volatiles levels reported are relative, not absolute,

values.

The analytical equipment was calibrated using an instrument-

response curve and injection of known concentrations of the above

4 standards. Retention times of the standards were used to identify

the peaks in the chromatograms of the field samples and their

response factors were used to calculate the analyte concentrations.

4 The tabulated results of the laboratory analyses of the soil gas

samples are reported .4 microgrars per liter (gg/l) in Tables 3

through 5. Although "micrograms per liter" is equivalent to "parts

4 per billion (v/v)'"1 in water analyses, they are not equivalent in

gas analyses, due to the difference in the mass of equal volumes

of water and gas matrices.

4 For QA/QC purposes, a duplicate analysis was performed on

4
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3 every tenth field sample. Laboratory blanks of nitrogen gas

(99.999%) were also analyzed after every tenth field sample.

quality Assurance Samples

All laboratory blanks were free of detectable levels of the

standardized analytes.

All Field Control Samples contained tetrachloroethene (PCE)

ranging from 0.08 to 4.0 gg/l, indicating persistent carryover in

the sampling equipment. The PCE observed in the field samples

(0.60 to 6.7 gg/l) may not accurately reflect conditions in the

soil gas at the sampling locations. Unsuccessful attempts were

made to remove the contamination from the sampling equipment.

Instead of immediately outflushing the nitrogen drawn into the

sampling system during the purging step, the nitrogen was allowed

to set in the sampling box for 5 minutes prior to flushing. In

addition, sampling boxes were evacuated for 1/2 hour at the end of

each day.

Analyte concentrations in duplicate sample pairs were within

acceptable limits.

5
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TABLE 1

SAMPLING ORDER

JANUARY 15, 1991 JANUARY 16, 1991 JANUARY 17, 1991

SITE 2 SITE 1 SITE 4
SAMPLE SAMPLE SAMPLE 5

1* 6* 1*

2 7 2
3 8 3
4 9 4
5 10 5
6 11 6

7 12 7

8 13"* 8**
9
10
11
12
13**

SITE 1 SITE 2 SITE 1
SAMPLE SAMPLE SAMPLE

1 14 14
2 15"** 15
3 16
4 17
5*** 18"**

* Beginning of Day, Field Control Sample
** Field Control Sample
***End of Day, Field Control Sample

6



TABLE 2

SAMPLING DEPTH SITE 1

SAMPLE FEET

1 10
2 9
3 10
4 10
7 10
8 10
9 10

10 10 S
11 7
12 7
14 10
15 4
16 4
17 4

SAMPLING DEPTH SITE 2

SAMPLE FEET

2 10
3 10
4 10
5 10
6 10
7 9
8 10
9 10

10 9
11 9
12 10
14 10

SAMPLING DEPTH SITE 4

SAMPLE FEET

2 2
3 2
4 4
5 3 0
6 2
7 2

7
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Dr-o ect Noc.. J, C!* Vent/Drc iec':.
)traZtor-.CIc.Prtractcr I Dr-c Ccr'tr-actor--A Dr-iI ler-

Drnc St2":ec. ~ (& 3o A- m D r-c: Er-cec 3*41 i To Prrd ~cr-eroe cfa(s)- 0
Dr-Ic Metrioc/Ric Type: D&a-L43
.cccec ýýv 61ý.ý E-.CC N)~-m__ to Pr-otection LevelIC0

c ON
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I~I6L/re.....7- - EV DATE. MAY I9 cc
BORING LOG TBO07lNG/WELL~& NO.:ge.L...3 Intallti~nSk Harbor Coordinates:Sie
-Dc rect wo.. Cflent Prolec Sae

HAZWPAP Contractor. - "A JDla Ccntract~r rw3~Nwww Driller
4 ~~Dnia 5tarteO: 31.V44 . i ( * m) IDna Enclem m)BrhlXia,:i~~

Drig rietrnoo/Riq Type: 23-111 I.M a M -oeo..3j):isf4

Loc ec by. E-Log Y 1W/ From - to Protectlon Level- 1

o t 0s % Llthologic Des-criotioni o60% e ' 4
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*~~~ RE-',~. V,3 DEVATE MAY I Or
6oP 1 G L0 C7 ORING/WELL NO: *f503-01 Pace -A..ofi
installaticri: Sky Darbor Coordinates: Tsite:

orciect Nio.: I~~. Client/Project: pAj " s v& I
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~ ~ S-3 P- EV. DATE M1AY 19;

BORI NG LOG BORING/WELLNO, -S13- 03 =- ace -Lor
Installaticn. sU Harbor Coordinates: Si-Mt e: 3
Protect No.: L40N COL-l~l~ent/Oro ect:
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Lod ec by- E-Loo V From to Protection Level-b

10t Lithologic DesmoriponGI

10 z
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Ole~ - N' s& e ArIZ, 7!

S

0 A)* so~~-
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* ~~-~~F S-3d- PEV DATE MAY 19C
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HAZWPAP Contractor.A- am~"ý I~ Dria Contractor- 6. Lw g*&tt DrilIler- x

L n tre.324 (U (1 m)Dn Ended: Sls t f Ao m)j Boreriole dia(s): tO f

Drig method/Rig Type: 1ý T~az
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So 0
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41 ~REV. DATE. MAY 19Cý

BORPING LOG BORING/WELLNO. C3C41PaeIo J-
inStaliaticfl; Sky Harbor Coordinates: I Site. 3
Droiect No.. Cllent/ProleCt: Hpt&JW f S&
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Dr~o '*?rteC. Siatjij 4(1.2 r .. m) I Drn EnCea: 31zslqi (j,.0-0 A.m)lBorerhole dia(sY toloj',
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PEV DATE MAY '9'94
[BOPING LOG BORING/WELL~ NO. Dag e....L..of -
Installation: " %=3 p Site.fV p
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REV. DATE. MAY 19904
BOPNG OGBORING/WELL NO.: ?e-3 Pa 11o
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APPENDIX F

PIEZOMETER AND MONITORING WELL
COMPLETION DIAGRAMS
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PtEZQMETER INSTALLATION SKETCH

PROJECT NAME &us",ajaLAwt INSTAL-ED BYGA*L1I-JXL

PROj ECT NO 4c)117-1 02.0 CHE:KEZB MA. CA'E .& k

BORING NO ____________

PIEZOMETER NO 5K I (P-

9C %PIP 'N A*
-- ONCRM'E#1p

4CAP

Px,: P!CE

* 2. GROUT

I Vt l3~.~~.&> ~:&.i~.~.r 1 ORING

iS0 U
*~~~IG T 4/0''w ~ -.. i

SI..~41'3

4 -. " l~j-

I Z .5 -A v

4 r<--.- (w;~O OF eR'N

AATT Sj.

0.d~

L(C (.

0 0 0 5 0 0 0
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PIEZOMETER INSTALLATION SKETCH

PREjCT NAME 5H. As,.)(- INSTALLED 8yA->A D-TE SLLA
PROjEC7 NO 140fo7 1. AJLd-, 1 CHECKED BY • DATE

BOPING NO SI,. '-7

P!EZOMETER N• & . (Ps-z

GROUT-.p

- :.,-.5",,.,S3 ,,

-- sz- E... baA

I 2~:NCRE'E jvc~

A, %Ws. U.

\t

A-

GROUT

"O"ONNG

3o
4 / 10

aft&, 3A'CE-~w , I

* 14'f ~ ~t

4 304O OF& BORING



3 '-a-PIEZOMETER INSTALLATION SKETCHE

4 ~~~~Cj;ýEY^- NAME 50,,r UH4e~b'a- 1A.-j( INSTAL.EZ By,&. LLI4/f/ta
PRO~JEC7 NO 40741L OZLO CHiECKED BY J . :)T: __

BORING NO 3-
PIE ZOMETER NC O

:3NCRETE; 
.

033 34rf'C&-
4 Xi'3j s.cE

4 5

4 V,

N3.

so
2' ~35'
~R30

4 3o

50TTDM OF BORIN1 ?~uAll
-~ I 's-' /A

khu... iop L
4 ~ 5r~~ C6~-.~* /lj L C

'.~~ a~3~lb.± ,~4 "'-(
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REV. DATE: MAY 1990

IMONITORING WELL CONSTRUCTION LOG - Standard Flush mount

WELL NO.: .h,,% - 2 I installatlort 5L H,6 . I Site: ,

Pro oect No.: iUjjt Client/ProlecL: k j*:q' /5 ,r L 06- ,r3I
* HAZWIAP Contractor. IT' &;.,, " DrIg Contractor. L,

IBultBv: W ICorn I .e COOran:, t 6t

Elev.. II 16.:•:)

Giglht E PROTECTIVE CSG
GSElev. Material / Typeý -ý - d5gyw , - .,•I .
GS HeIght 000' Diameter- "
Depth 83P Depth BGS

$ ,- Watertight O-Ring (Y / N)

Elev1..'10 SURFACE PAD /
Depth BGS. 02 ComposItIon&SIze C,,tj(Acý.q IJArlo'tA~ ,.

Breathes With Vadose Zone ( Y

RISER PI:PEType %•..•',,. •t•
0 Diameter,

2.0 Total Length (TOC to TOS)
2. VentllatedCap (Y

'40 GROUT
Composition & Proportions -1 t3gv 1w. 7 ufl

Tremled (Y /(tp

LAI. •Interval 868
CENT--C RALIZERS ( y cv

, Depth(s)

SEAL

bFI & Type _' a.j. L½I;At.lr i.T

.0 ~Sotrce 9
f -b Setuv/Hylratlon time' Jd. Vol.FluidAddeJ -4,.S'' • , k-;,., ,_ Tremled (y Y j 2.0

" -'=FILTER PACK
Type_______________________ A6

-� Amt. Used d'0 , ,.
- ~~Treniled (YtlI

Source,

Gr. Size Dist. 2,ri n&,,2.,,. bg-j

SCREEN
Type -i It)j

S1 •'_' O~~~Dameter •.,.-,o
Slot Size & Type r' 01o

__"___Interval BGS

interval 856 Length
=- I •,,Bottom Cap 6) N

______ I BAM1ILL PLUG

Material __ _ __ _ __ _ __ _ __ _

Borehole dia. SSewtuo aratinJme A jA•yenole Ola.Tremled

S=• I ll I I I/ I I II I I I I I
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3 REV. DATE: MAY 1990
MONITORING WELL CONSTRUCTION LOG - Stanaard Flush Mount I
WELL NO.: PKLS- 02. 1 installation SmLvkkae I Site-

Pro ect No.: 1OW6.1-'. Client/Prolect: A•4•- ,. A .,

A HAZWRAP Contractor. a I DrIg Contractor. I,•,,,•LA ,,fjLa-

Comp. Starti 7&/61.1 .. .c .A m) Comp. Eno. Z/ if I 10 O )

Elev t . '• WS,

Height n PROTECTIVE CSG
Material / Type- 5a. W1 S ,,--rlwm, ;;T,,,

GS He It Diameter
Depth 665 Depth BGS

Watertight 0-Ring &,
Elev. , SURFACE PAD
DepthBGS . C• Compositionf&Size 3, •3 A.. .4 gn,

Breathes WIth Vaoose Zone (Y / N)
RISER PIPE

355 / Type SCAL. L40 PVC35l Diameter. 4l j-,. 1-r,

Total Length (TOC to TOS)
,1G•Du' Ventllated Cap ( Y/•J)

GROUT
Composition & Proportions ""1' x
Tremiea ( Y r • IS• A-W , 1 8SAfl.•,

Interval 65I
CENTRALIZERS ( YKtI

Depth(s).AJA

SEAL
Type t4" iia. ~ ~ ~ I3i
Source _____________________

4S. S Set./Hydrat Ion time. ZQ-- vol. FluioAddedA,.QTeC •
A A ~Tremnied ( Y A:

- FILTER PACK
= ~Type t-e: +60 C0*...'aueAmt. Used IS s if : s 60

Tremlea ( Y

Source_________________G Gr. Size Dist. ZW,&g .i..dMx, he•1 t1Y rw

SCREEN-- _ Type- cn, . 46 e•

i~o 1 . . .Diameter 4-,' "

t'o rntervalBGS ,iIb-,-o& _ ___,'

SUMP N)
In-terval BAY. Length.Z..
Bottom CaP /79 N

BACKFILL RLUG
? Material P CA

Borehole dla. 5etup/l rtiol timen__ _ _
TremleO

0 0 0 ! ! ! ! !



ElJ16
REV. DATE: MAY 1990

MONITORING WELL CONSTRUCTION LOG - Standard F lush Mount I
WELL NO.. Ali A-31Instal latiort #4I._ Site:
Project No.. Client/Pro ect:H w9e
HAZ WRAP Contractor' -T%,*Qg~_ Oni Contractor. -

Comp.Start: 3 ( .±-'Lo Comp.Eno: i~i i ~ kc _r)
*BulIt By: Wei Coord.: 14 Wz t

4 Heignt.POETIECC
GS Elev. ~Material / Type -uA7.

GSHeIght 001A1 Diameter
Depth 805 Depth BGS

Watertight 0-Ring 6)1 N)

Elev. SURFACE PAD
4Depth BGS 0 -I Comp~osition & Size )f 34-xI4 Cmjwi.&vz

Breathes With Vadose Zone (Y /N)

RISER PIPE
Type_.~ m" 190 FiJle
Diamleter ~ *

4 Total Length (TOCto 1p~)
35' Verntilated Cap (Yc

ý5 . 1-1GROUrT
30 13 i'm T- k 0. CorriposItion & Portions '4ihu Tw.XlAfiaE

Lo Tremied (Yep)
10 interval BGS,

?CfCENTRAL IZERS ( Y (
Depth(s)_

SEAL
43Type- Yyv ' 3 i.. y- Cm A

H -4U F.ýc S~~ etwP/hYvation tie22fsiVl Fluid Added_%.ftLI H'i-

FILTER PACK
Type 2oo~ S. - b 60 Sol PC.--%
Amt. Usea 2.
Tremied (Y (3iý

Gr. Size Dist. 2"ok h

SCREEN
Type VA pqý4

Slot Size & Type 0.010

interval BSG AJ Length A
Bottom Cap 0 YN

TD: BACKFILL PLU
Material pi

Boreole ia.Setup/1Hyantlof time AJ k
8ore~edaTremied (YIN)



i REV. DATE: MAY 1990

uMONITORING WELL CONSTRUCTION LOG -- Standard Flush MOunt M

WELL NO.: Muir.- a4I Installatiori &k,,, Site: BAum .5... t.
Pro lect No.: %l,",.,, Client/Project: Wm &a A •
HAZWRAP Contractor IT Ci " CgContractor:

Comr. Start: 3 '• , ( (1 r jrn) Comr. End: Tful1tt 4 TOD""u i t BY: CAcWeI I, Coorc.:
Elev.•

Heighte 
PROTECTIVE CSC,

GS Elev.t _Material /Type -s;Tg& 7beGS Height 000 , Diameter ";

Depth BOS D mBS i Ai

Watertight O-Ring O N)

Elev._V SURFACE PAD
Depth BGSLJ I - ConvosUiuon&S•AzeCA

""reathes With Vadose Zone ( Y /N)

RISER PIPE
20 Tx 0 Type Sc..we' .4. •

/ P' Diameter ,.- ;
K s; 60 Total Length (TOC to TOS)

a11'• VentilateoCap (Y4D)

~Ii~ GROUT
Coirosit on & Lip~ons 5%y Us~.jw..wc-,m1Ty I

// ~~~Trernie0 o Y_
/ Interval BGS O-2~e.

CENTRALIZERS ( y/ 0
Depth~s),

SEAL

39 - - Setup/HyatIon rn..-O.Vol. Fluid Aadea
Trernied ( Y t:0

_-T FILTER PACK
Type 74'vo C-"e ' *-S.m 6o 6&
Amt. Used_______________

""TremleO ( Y/WJ
- ~~~Source-_______________

Gr. Size Dist. / 60 aO- 1w

SCREEN
Type -afte!4~ 44 "vc-

Diameter 'fi.a.
Slot Size & Type e.oio,
Interval 5435 73-73

•I SUMP /N )
Interval a•. )o . Length
Bottom Cap (/N N)

BACKFILL PLUG
Material Af A

Borehl'le dIa. Setup/ftatlon time A,.
Tremled rIT7WI

00Ii .°



3 REV. DATE: MAY 1990

MONITORING WELL CONSTRUCTION LOG - Standard Flush 'Mount

WELL NO.: At j-z.- Installation . - . Site: ±

Pro ect No.: I' Cl ient/Pro lect: Rkw-• /f.*
HAZWRAP Contractor. iT "& nr- "Onlg Contractor ( -,oj ,

I ultB;••_•.=• e'CoS •''zzcorm. start: IIh.ikl 2. f - -4- ,,*M) I COMO. Eno: I /zekQI a •'°° "•M)

Elev. 
Sl 

, 
k C(6,6 3

H-Eeig h PROTECTI VE CS0 S
GSElev. tu•,.• • flMaterl., / Type £•tL. Toe S ,t.a- •r - Spc,,
GS HeIgt o0'. Diameter
Depth BG. Depth BOS

Watertight O-Ring ('/ N)

Elev. ' , SURFACE PAD
Depth 565 Compostion&Size C,,.w crr./ 4. x

Breathes With Vadose Zone ( Y/N)

RISER PIPE
Type -. -j 9vC
Diameter L.-

Total Length (TOC to TOS) 4, A-
Ventilated Cap ( Y 4()) 5

GROUT
Composition & Proportions Apiea L4 o4" TyroL TsD

Tremled (Y/(E)

Interval B65

CENTRALIZE.R (y Y 
5

Depths)

SEAL
4.SType VY L. &.' O.i~.J.g

3S Source_ ___
S1 -o'Setup/Hydration ttie-jl avol Fluid AaOdd%*aL

Tremled (Y/ 4D
-. FILTER PACK

Type .. • QC S#-a Op ,_. *,,,

Amt. Used _" 7/ n 2.. 1o -f VDm 46

--- Tremied (Y i(Yp
Source_____________
Gr. Size Dist. F.01,in .IS P,. i &a CA-

Type ,, •cc.3. eo PUc
Diameter . % . y.•

.. "" Slot Size & Type .0,_4 .
01 -Interval BGS5 n-

SUrIP ( Y / N )

Interval BS6 Length

TBottom Cap E/ N

TD, 101BACITILL PLUG
-V Material_ _ _ _ _

Boreole 01a. 5etUre/tre atlon time A)A
Tremled ( Y / N

• • .. . .

I4|=I l l IIl1l l 0l ll0l l0 l l l0l *



REV. DATE: MAY 1990

MONITORING WELL CONSTRUCTION LOG -- 5tanaard Flush Mount
WE•LL NO.: At•Z.-a2-l Instalain:u Sk,, ý . I Site: 2-
Pro ect tio.: klft!. I ClIent/Prolect: -7 / - &,, -A!,3L

A HA2WRAP Contractor .-. , Dri Contractor ,-
SComo. Start: t/6,1W 1( YV: D m) I Comp. End: -'•/ 61!1;• '•m

--Built BY: ,Well Coord.: ,

Elev. h~l* SO
helt 0• PROTECTIVE CSG

O5 Elev...A ° •, Material / Type ',W4. "r',W.M.,w..- L.U,,

GSHeight Diameter
Depth BGS Depth 85.

Watertight O-Ring ( *_.-

Elev. "'• W SURFACE PAD
Depth BGS 0-.3, Composition &Size xk2A A C .,,,

Breathes With Vadose Zone IYIN

G /.RISERPIPE
.... Type s941 NPVc..

Diameter 4.'Mb.
I Total Length (TOC to T.S) 1bo

Ventilated Cap ( Y CV)

GROUT
Composition & Proportions '1 I-*Wb.•"fl'.l _-

Tremled (Y
Interval BGS

Dept•(s)

SEAL
Type ~''J~I~~

2.• Source
L4~~~~~ 4f eu/dainVl Fluid AcjldeCLLkký6

-; Tremled (Y
FILTER PACK
Type 2•t•oC,.•Co,, S, .-A go" 12O0*,
Amt. Used , E SA

- Tremied (Y
= ~~~~Source_________________

Or.SizeDist. •6 k3/F,& *LO PAOow

SCREEN
Type &C4 1110 ?y c..
Diameter T4e" .#>.
Slot Size & Type Q.,0so.L,. , Y.•,

Interval 805

Bottom Cap 6 N)
•[•" L •BACWILL •UO

"Material PA_ _ _

eI '-"-"oie 01set5.on time_ A

00000 00



3 REV. DATE: MAY 1990

MONITORING W? L CONSTRUCTION LOG -- StanOard Flush Mount

WELL NO.: eM,3-01 Istiort C&1aQMeIProjlect No.ý • . Clent/P'olect: H • S- Y,• A•SHAZWRA, Contractor rTC., , I urig C-ntr'a:t... L,-- A.", -,.,,.
Coil .y: cpStart: o.,,.3•• ,2 :' f -•m) I Cornp, Eno: -e' C°'3 /mL/1 (IS" :e% A M•l

Elev._____

Height . PROTECTIVE CSG

GS Elev.__ Material / Type . i - A

GSHeight 000' Diameter I '
Depth BG5 Depth 585 12

Watertight O-Rring (' N)

Elev. SURFACE PAD

Depth BGS " G Composition & Size A5--c,.J , i e'.,r
Breathes With Vadose Zone (Y / N)

( 3x , / RISER PIPE

i/3 s x Dianeter - 4 = C)
Total Length (TOCJ.t TOS) $• t.

I , - Ventilated CaD 6 N )
SKC'- GROUTsiir

Cooosl on&Proportions £% -

Tremlea (Y/'U)
Interval BS f)- 4 1 '/k ,

CNTRALIZERS (Y A5)
Depth(s)

SEAL
Type Y" &it-M

3. ~~~~Source. (~"E*~~
- -Setup/Hyrtlon tme-2Z4%mLVol. FluidJ AAdd dLC.%4

5, -- So FILTER PACK
Type U01a& =j

- Amt. Use0d -x

- ~Tremied (Y (N)
Source - -
Gr. Size DisL. r•~/•o 0 60 oQ -po,-

Type .. t2V&.g
Dianeter v. ,•d-, X. 0
Slot Size & Type d.010

_______Interv~al 605- -0- 41O
Ssur'LP N)

inteal 4 N 10 -O( Length
Bottom Cap (9N)

FTD.BACKFILL PLUG
40- 14-- rMaterial AJ A

Setup/tWition fme AIBorehole d. Tremled -",0)

0 l I I I I I



rS

REV. DATE: MAY 1990

MONITORING WELL CONSTRUCTION LOG -- Standard Flush Mount 4
,WELL NO.: tK .o Ilnstallation C , Y .,y w 1,Aj6' Site:

4 Pro lect NO.: all I Client/Prolect: biA44)R?'• A"
HAZWRAP Contractor I" C" hAfsrO Dria Contractor , ,
Comp. Start: 3ý/zz•, ( r it m) Como. End: 312-l /11 )o

-- Bul It By: We,•• I Iwe orc .;a'

Elev.

Heigh PROTECTIVE CSG
GS Elev.- Material / Type (ulL I/or-.- ,

GS-Height Diameter. 1 ."
Depth B6S Depth BGS - 1y,

Watertight O-Ring () N)

Elev._[___ SURFACE PAD
Depth BGB0S/" 'V Composition & Size ?( Yx I S

q O Breathes With Vadose Zone ( Y / N)

RISER PIPE2- OW-0 PM/ Type S- %o( C
/Diameter ýt Lg,.,= T.. ,

%AS Total Length (TOC) TOS)
jbx ) /Ventilated Cap N)

/ GROUT

Co~qvoltion & Proportions VaAný &;-
// ~~Tremted (Yd•

Interval BGS - 4pYL*•,

CENTRALIZERS (Y
Depth(s)

SEA.

'tO ~~~~~Ty-pe K'. Zv4 u~w
Source .
Setup/HWatloýn time 151., Vol. Fluid

Li4 Tremled (Y
£• •FILTER PACK

- - Type Z 0,4 CA OAA CO to ~ %
Amt. Used _______-___

= Tremled (Y &4
Source_ i*.Ag 0
Or. Size Dist. 2_.A, f, . 116• Uw•

S~~~Dlamter ••', ~.
Slot Size & Type
Interval /66 - 100 A

Inteval-11 A' Length L±.A
TD: " ; - Bottom Cap 4 )

I• I•~~AW<ILL .e

Miterial
Borehole dia. Setwp/H(tlon time_ tVr

T4m S•fpN)

4 I iInm iii 0 0 0II 0 S 0 0•



REV. DATE: MAY 1990

MONITORING WELL CONSTRUCTION LOG - Standard Flush Mount

Prolect No.: I4a0A."O. C~lent/Pro ect: ijaB- wa&At

PROTECTIVE CSG
G5Ee.Materl alI/ Type Swus.ZO W i~ki4O',

GSHeIght (wDiameter
Depth BGS Depth 888

Watertight Cl-RIng T~~r~

Elev. SURFACE PAD
Depth 885 0 ComrEosl Lion& Size 34,r7~xA ca

Breathes With Vadose Zone Y /N)
VA RISER PIPE

- Type-i -'( Ak

30 iameter w- * Z)
if ~~Total Length (TOC toT? S64,______

VentilatedICa (Y KILY

GROUT
Co-mpasltlon &Proport Ions V iru.L..i.~a z.-f

W kjf" i o -74L M
TrernledY )
IntervalBS''

CENTRALIZERS C Y AGP
Depth(s) A-*

SEAL
2.Type %k" (fhtm=a.ne...

g ~~Source_____________
4 4 so Setup/lt/draiton tI.i~ 0 Vol. Fluid Added ijb&

Tremled (YI/F

Type t;D*t.5d. gt 64AL D
Amnt. Used Z 446 6Sg6
Tremled
source_______________
Gr. Size Dist. Zdf (Ud #t.iD.. t- Lo poumo

- SCREEN
Type -4" V AM4

foIDiameter____________________
Slot Size&~ 1.O0 -wag

11 -Interval 1 I

SUMIP ('ON)

ID.~inera 856I _____ 1otfC ED 100 Length - A

4 1~4-.BAC1(FILL MUiG A
Material________________ ___

WOW* dl& ettpftntIlfl time .. IdA
Borehoe dla.rremled CT*4



12 In

PIEZOMETER INSTALLATION SKETCH:
~rz;\'ECT NAME SILY 144'2 &k'h INSTALLED BY.-in..... D.TE
PROjECT NO If(* 4 U.0aa CHECKED BY _________ DATE
BORING NO___________

PIEZOMETER NO f'P-ai

LT 20 6± scH E..4~ 90. PIP' (N
Z3NCRETE,:

Av

II

PVC IPE

2" .4S6

GROUT

90RINGN

* //0

5r~jc: "-

35

"BO. 9TTOM OF BORINGS

4S



J I

PIEZOMETER INSTALLATION SKETCH

l PFiC•JECT NAME 514. & INSTALLED By D.
T

E tAL.
a PROJECT NO 4 .CHECKED BY MA DATE

BORING NO ,

PiEZOMETER NO " L P -oL, fP'PE :P
GUARO POSTS 13)

AT ,200 IS SCEE
S 80 :,,S PIPI? INA

CONCRETE) 
v-"&

Pvc PIPE

,-m 4 io0'i rz s

GROUT - -'

BORINGI Af' : .:.

I p"Iii;

20M '40 0 1 ,i

4C1 K

BORITMNGrBOIN

I IS

3.r

4 S &wa~rQ : 7' I

- - -P EI.

4s . BOTTOM OF BORING

*

o 4



El PIEZOMETER INSTALLATION SKETCH

4 PROJECT NAME !ýkt W4A&.aaw "?4, INSTALLED BYfa.dlS'DA.TE aLS
PROJECT NO 4 011Z1 lz2- W CHECKED BY _ _ _ DATE

BORING NO _ __

PIEZOMETER NO __" _ _-
PIPE ZAP

GLARC O-STS (3)
IT ,20* "6 SCH EL &-
80 so % :PIpe IN
CONCRETE)

A4PP~OXIMA r,- EXIS 'AIGV.;A04AIC SuilR ACE • . .Y •7
CL •

4
PVC PIPE

BORING

vowe..
4 3

g~p9II

1 30"

i BOTTOM OF BORING

-

q 0 0 0 0 000



I REV. DATE: MAY 1990 i
MONITORING WELL CONSTRUCTION LOG -- Standard Flush Mount

WELLtO.: ,•"-o.ll installation Pm~i. 1k. I Site:
•JProject No.: 1401*j'='L Client/Prolect: 4M=-JAW. -C-Y AP- l 0b

K AZWRAP Contractor. ' • •,n I Drilg Contractor. L oma~z •,=, ,,,.T

IComp. Start: 21041( IS z m JComp. End:.__ 10,01 t (IX a 4n -,--M

Eev. t . P.OTECIVE SG
GS Elev. 1_,16 1 Material / Type S kmIL "iAu- gtgajm hmG~S Height

Depth kSS •Diameter

Depth 565 Depth B6S
Watertight O-Ring (/ ---

Elev. .. SURFACE PAD

4Depth BGSO0- Compositionl& Size 34f. A 3,6 K #A 97,k~j

/RISER PIPE 
/N

_/ Type L • ?i.
Diameter 4.,,.&.t*•

•4,. . Total Length (TOC to TOS) 2- 1. S
. ,;•:: ..... Ventilate0 Cap ( Y4

GROUT
Composition & Proportions i.~It ~L~~r

Tremled( Y/&l.)), ' -

Interval • &-..S 9" )z_ .

CENTRALIZERS al N)

Depth(s) 1 HS9•,f'SEAL

5-5 Type L"s i." " a f

Yg. ~~~~~~~Source_______________
-.-- 4. ) Setup/Hydration time. ... 44Lr.Vol. Fluid AodeO..•Ji9 A

• Tremled (I Y(

=i *.L 
pi.Ue

Tremie (Y )1 UVL LIZ Z

Gr. Size DISt 2fY', F r. em-.
SCREEN

LEE. Diameter %t
". Slot Size & Type o.060
Interval BGS 21______

IAerval a Length q--•
rA Bottom Cap (Y)/ N)

TD. BA 1L B-.A

Bau It IIL Setuiv*vtfcn tulle UAlTriMled &,*k#4-

I

4 •I/ I I I I |11|



4 &

I ~REV. DATE: MAY 1990 A

MONITORING WELL CONSTRUCTION LOG -- Stanaardc Flush Mount

WELL tNO.: 1%44-oz- Installatlon: A s.' a &,.. rt o, I Site: 4
Project No.: 40TU Client/Prolect: I1,but .S ,? SL A

HAZWRAP Contractor. .r Dri Contractor.
SComp. Start: 21dMN, I• "fi*=J 'L-A")J Com. Eno: Z ( /q,

. BuilIt By'. rmp,,j ;, I-L f• r WeilI Coorol... Ni•: .

Elev. %7-•.'kk A

PROTECTIVE CSG,

GS E ev.. Material / Type S.-a, i • -1 S - A IL 6

6S Heiht Diameter_"
Depth6 BGS Depth BGS

Elev 4AWatertight O-Ring &@k -•"r,-.,

Eiev. \ ,.. SURFACE PAD S
Depth BOS 0. Composition & Size 3 A. c TO, Ai I QP, _c•.6,jA.-

Breathes With Vadose Zone (Y / N)

RISER PI PE
Type sch4. 40O NVC.

fD Diameter
D.....er... / Total Length (TOC to TOS) 1 •4,

VentflatedCap (Y/69)

GROUT
Composition & Proportions 0 f

% aft e&Qhial d.J~4,kia3

Tremled (Y
Interval BGS6 - a ,,

CENTRALIZERS (01N )
Depth~s) 24.%JA jAetS-

SEAL
Type - At"LgCatz n[&- m-*a
Sourc_ _ __ _ _

*,2 -Setup/ydratiun time-LmeLVol" Flu, # (,op( Y

Mb ,A.. Trernied (Y )
" " . ?: -•IILTERPACK

-. - ITremiled2 (Y/ )

•f Gr. SizeDIsL 2.obEO , O o,..0Tr

44.5 _Type %CJ4. '40 )-IV..

011 Sit Diamieter r-b.
N.,, -. k-. Slot Size & Type J0. .A I 0.1" ,

Intetvai 8652d- qi-r -

LUM N ) w 1 Lnt i

TUBottom cap (~Y N)

-'j E l I-BACIFILL PLUG
Borehole di&. Setp/Htlt ion time WA*

Tramled (-o4t"

4 0 0 6 0 0 S 0 0 0
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APPENDIX G

PIEZOMETER AND MONITORING WELL
DEVELOPMENT RECORDS
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REV. DATE: MAY 19W03 WELL DEVELOPMENT LOG -Well No.:&- Pag e....L'of.J....iInstallation: s•• ite: Gv--r_• -k_

Project No.: yo°l •Clhent/Prolect: ft .m F,7 A#YrSHAZWIRAP Contractor. I Dev. contractor e-- 4~ k.. ._

Dev. Start ( : _0ev. End: CsQ Dla.: 2- s, 0,-_Developed ty: AtA D ev. Rigj Y /N)

Dev. Method 14-rA arJt( at4A+M& - ~ ~ ~ yr

Eoutwiiet •- f-
I)

Pre-Dev. SW. jMaximum oruwOown Oduing mImilng tt at " grm

Range and Average Dischage rate •. "

Total Quantlty of material bailed

Total otl ty of water dischrged by purping A,' ,

Disposition or u dischage water T4 60-

Time Volume Water Tur•idlty Clarity/ Temc pH Con~jctlvlty RemarPs

Levelc Color * C nlUtvy ReakT~~~mer S~ t TOC o" c

oat ga-ter &to-te

Ill

SV,•II

iI

0 m Imi l i l -0.0,=0 0, - 00-



By. .... Date 1-0q Subject CýasC.. Wsl).1 S.I Sheet No. --.. L of..L

Chkd. By 01' .Date W ' Proj. No. 4(l-

- - 3 C l ~t 3

t= c



,~/~wZ~- ~-4&REV DATE.MA
wELL DEvELOPMENT LOG 1welNi~O..~ __ 1ace-L-or..
In~stallation SkNarbor CrdntsISite.

D ro iect No., :& 7 1 .02 G Cl Ient/Pro iect ký-a ~ rANC ý
HAZW`RAP Contractor- ITC 0~ ev Contr~ctcr
Dev Star*: (is ...*....rn Dev Enc I r- Oý-- so Dap.4
Developec Dv I ('o Ck DevR Pc r/ N)

Dev Mie'noo ±C 5c.LA-~

Ecuipmern I 4 PIC~ '81 A11gi 4J

;Pre-Dev. SWL IT '5 3 aximum crawaown C rirg pum.,iing 't at. A_____4

Range ano Average DIscriarge rateA

Total Quantity of material bat lec 21-7 -

Total cuantity of water dtsct argea tDy piLinPing /

Disoosititon of a~sctiarge water ,IAý -f C-A L (iliV

Volume Water Ca

r___ t. BTOC Color 0C

Iste k "4,Zf7z 7  -4m5

U~o' J /~d~ 4~7.07 U7ý 5

ko /3 00 7,0 9&0~h

I(C~o

0/0 AX S0 S 0



rS
.- REV. DATE: MAY 1990

ifWELL DEVELOPMENT LOG P5-- WelIl No.: I Page - or.........
I installation: Site: r jtt- er,S" ~Pr'ojeCt No.: q0 q 7.2_ 1 Clent/Pro lect: 5kPE " ,/ . "-,J1"/o, r£ •/

HAZWRAP Contractor. ev. Contractor. r ,4
1Dev. Start (,r.:,o .. m) I Dev. End: (% :S' ) I Csq Dia.: ,2 ,2 . I

Developec by: & . €)eiu I Dev. Rig ( Y / N)

Dev. Method 4k~if A',7A Aa;/j 1t)-W i--O ~ ~ M4S AjJý

* Equiment 3*etc -

Pre-Oev. SWI. 72 . " 015 . ,m1axmum drw ,own during pump.ing tt at gpm

ReW ad Average Dischairge rate r~ g p n

Total Quantity or material balled 9 , -) 5

Total auantllty of water alsclgedo by pumping A/,

Disposition of' dlschwge water .

Volume Water. Clarity/ Temp
Time R~a 1 t BToLevel Turbldity Clar T 01 Conductivlty Remarks

12.10 0 o N, cA s. 14' I'7 , t<.3t

i"Z"s re;-,,, P,• I 1, •7 }• •" s'.

2 2- 1 100,• '

-s --- -, -

I m

13 1 6 0 0 0 00



h

W h3NATIONAL

By IZ-r Date - Subject Lo.-ca l-.t Ps-Z- Sheet No.__k of

Chkd. By__Date , . Proj. No. -

v~

. z (f+. , . 2c ý7o 4 t, X %,.g. C, *ý .s,

III )GI*I- • If O I I I••

+ II . . .



1P/1-6-.4d ."-44- t FJ." REV. DATE. MAY 1;;0
WELL DEVELOPMENT LOG welI No..a ,e ..L.. orf

Installation ý EKab • •, . Site
Droject No.: ,p7'1 ICj.(', I Client/Proiect 4, / C-7SHAZWIRAP Contractor .IT C,, i I Dev. Cottractor: I

Dev Start._ I Oev. Enc. (lit :_ _ __M) _ =o D . _.

D~evelooe(:: Dy: /.--C'Lw V %i. V. 4 I, C/O',"...• 6 ' t Oev RicC Y•)/ N)

Eauiprnent P~L1UC -

.re-Dev SW:.L ,aximum .raw.own Curing pumping .t.-,.IV,-,

Range ana Average Dlscharge rate L) A-
Total ouantity or material bailea .. 5?
Total auantity of water dlscnargeo by pumping

D~sposition of discharge water _-(ejJ V_ ý'vw5-'

VolTme Water Clarity/ Temp

R Tall, ft. Troc Color e Conductivity RemarKS

l -q 7 119 /130 •
1363 to z I~ t C

~ 217 ,25 1'&0 IC5

(4 -_7l4 11 LJ



- REV. DATE: MAY 1990

WELL DEVELOPMENT LOG -WeliNo.: PS-i lP=-- or--

SProject No.; LtoqT--Lk 'Chient/Prolect: AAAPs / sl H,,, A04C ,

SHAZWRAP Contractor I Dev. Contractor - ... E.W. ,
0Dev. Start (M :%T=) I Dev. End: (%, :ýo.•Jn) Cso Dia.: 7- ,L,
Devetolope by: .,, v, sý,w, gc,.)¢J Sww,.,,; I ev. Rigj (Y /N )

o'.6,,,& I- go- q %

Dev. Method ;ýc ., e- -, 4-L, j~am" 1  koA - ZZ e~vo.e

4E~lulrnent .• &•--ea. T--5

Pre-Dev. SWl. 2- .... Maximurn araw0own uringpunfining ft at 0-.n

Range and Aver-age Dlscharge rate C . - . ,- \ ,.. -

Total quantity of material balled ED-ink_ _ _ _

Total Jantlty of water dlscrgeO by pumping A

Disposition of discharge water - 6, A_

Volume Water Clarity/
Time R Levei Tuidity Clarit TeM pH Conductivity Remarks

-" r TCcolor C Remarks

1009 IT 40 F.., "

1o03 2'4 CJty 2L0. SS 1- Moo
60rý..

tlo% 10 CA~v• r zo.O 44 1"+ 0 10" .. l tr , • ••~
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7-/~4J~t-~-4& - REV. DATE. MAY 1(;;(
'wEL L OEVELOPMENT LOG WelIl No.: H)r- 0 PaeL or I
installation: skNarbar COQ W Site: K, C&,v )3
PDro iect NO.:403ZZa Client/Protiect.'A

HAZWRAP Contractor. 7(,r1 Dev. Contractcr-
0ev Start (CI:zl......m) 0ev. Enoa (vq 8......M) CSDi a.
Develooeo by D ev. Rio rY`-N)

0ev Metriod :SLuab-sh ~rý- . b4-v' 's~j4l't2

Eouiciment y/ Hti Izcit ie& boI~' 4 1,5

Pre-Dev w. ...2... - .. jiximum, drwown during PumDIng ft at A
Range and Average Discharge rate -&6 oV C

Total qawntity of material balled 1•ý-,

Total ouantl ty of water Oiscriargec tby pumnping

D:soositionorfdiscrarge water !-Qd1 4 4 v~uic~~v

Time in Water Clarity/ Temp pH Conutvt
TimeLevel Turbidit Color 0 C Onutvy Remarics

Gr63 ~ tt'ddyk1ýid 20.7 4$'2 /09
Qa. (~ [ 1 22,1 ~ /C

0ý1 0 15



[ PVS/'/4, -- ,-•--4&• - REV. DATE. MAY 1990
WELL DEVELOPMENT LOG wIelINo.. AAWS-OZ. $Page Ltof.L i
installation: sky Esartr C._t Site %- .- I
.roiect No.: 4'cj7o-_I Client/Protect. &M•-S / . 14-,Lr.,- AAý'

HAZWRAP Contractor. Z-i- D ev Contractor L-.,.. - e. ' ,
Dev Start ( $' : -&S-...,, ) ' I Dev. Ena: ( tz ;:.._mf I Cso Dia.: i- -.J,,

*I' Developed by: -rI0 ,, -6-- E.fv. Dev Rio a N)

I S~~~Dev Method 'r,, .,--e.,_ r_ - u ,,. -- ,_ .. .

Ecuipment - ,-- .

Pre-Dev. SWL x-. . Maximum Crawdown during pumping tt at _____-

Range ana Average Discharge rate , - • , -

Total uaqntity ot material balled 7.0

Total auanti ty of water ctscnarged by pumping I So k S

Disposition of discnarge water ' •,. &ete-----e,

volume Water b idty Clarity/ Temp pH ConductivityTime Rei•i•yd t. TOC Color 0 C Y emars

IS - - - - - S*-, S.a

wm~-t, '.

S ( . Z3. 30

& (0• 0 0. Z3 4.23.0 \o

I II I ICX Z3,Uii il IJ -71 iik



/,Z4- "- 4& ,REV. DATE. MAY 1 (;90

I-WELL DEVELOPMENT LOG IWeIINo.. li•,i iPa!-e 4 of...

installation: k ab oria~ Site L;-ra/,I
SProject NO.: 4o•' 72I.(no I Client/Prolect. • / •k 4 Atx " A •'kJL I

HAZWRAP Contractor i-T C.,",(- Dev. Contractor I
Dev. Start (0O:S16.jn) I Dev Eric: (• :to._.._-m) CsoDia.: in a

4 DeveloDeC by: .c,4ytoý L-.•xjtvehv,ý Dev Rio_ Y//N) 7

Dev. Method u J44<A c5.tý b 9tL .lvy 1L w
VS

Pre-Dev. SWL aximum drawdown during pumping ft at CC7-

Range and Average Discharge rate M m-0-

Total Q=q.•tty of material balea :!5,

Total ovantity of water discharged by pnmping

DispositLion of discharge water 4- * L

Volume Water Troiaity Clarity/ Temn•pH Cnctvy ersTime ~~Level T H Cnutvt
Tim eWs ft. BTOC Color 0C Reak

to P4 • 21,j- , 7,K' 2--
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,~/SL~'/~d- -4eREV DA7TE. M1AY
i ~l DEVELOPMIENT LOG jwf o.M.j-1,i~oJc

installation muEarbor CodntsISite . o, .
Dr etN. jUu 2 I CIin/roicH&A SYWaaif)& r.

HAZWRAD Contractor jT6U f 0ev. Contractor Ljat1~v#*&qo ~.
Dev Star*, ('1 :30-A.JLm)* 4I 1ev E!7. 1~211 aQ.eJl fIz(.h4 012a.~ aaIc
Deveiooec IDy ý UIDev R!c (YZ N)

Dev Methoc L 4 H .- S.,"g g. f5- 20 ja ,r, IRAK4- rtn &pLn~.&&

30-6'(o 1%.J - aAI.U Lt4&,TLL taL4'L.A. C~AEA4Ur,( *1LALCeerT p,% e.2..

Eouipment b"sA.kauaa-, Rf itML--L~'F~., &~

Pre-Dev. SWL 74 I~. -M...Jaximum crawcown curing pumping AJ A rt at-C-,

Range ano Average DIscharge rate &,p('t *~em.(l ~i~ ~M

Total otantity of material iailec 57
Total cuantity orwater clscmargea by pumingla J6
D~svosi tion of Oiscrarge water Cnwrrw4L Opg otp.aj~j ~u

LevT* Waer Clarit/ Tem

Time Rom Waere 7urtidflty 0C p Con~uctivty eas

~"A

It~s d16, q96I
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REV. DATE: MAY 19903 WELL DEVELOPMENT LOG we I INo.: &j tA) C) 7 Page or
instal laect: I Site:

*HAZWRAP Contractor i ~ 01Dev. Contractor .,A 4ia--.- '.A

Dev. Start (to : V........n) Dev. End: 0& :"....n Cs Di.:r
Developed by: k6L&% al Iev 'C s8"D)

0ev. Method it~aKf

Equiprnent A OO- aJ - DISFP

Total Quantity of water discharged by pumping 4
Disposition of disctiarge water dr a-6~ 4 4AV ~xi( ~t

Tme f L BTOC Color C

4U 5

Z2cC3 U3_7A a

-C~ Vv-f-----
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WEL DEELOMEN LO 
REV. DATE: MAY 1990

WELL EVELPMEN LOGWeillNo.: AA.(AI -o? Pag Lof I.L..

Instal lation: 1o*. o~ Site: Ct-,, - Z_ .
Project No.: -~toci.z~i Icient/Project: Ak" E-, !>-

HAZWRAP Contractor. I-~c. Dev. Contractor. ~ ~ -.-

* ev. Start (t :is..A-J ) IDev. End (0o -& t i) ICsQ Dia.: 1-

Developed tr: ga..-z_ Dev.Rig CrN)

Dev. Method `Sr lb--&.,Q.s -e ~.-. ~f-
t SAJTQ.c

EQuipment ... vL~....-C(4

Pre-Dev. SWL -+.S i...I uzn rauwaown a.ring pwvuV "% ,1 rt at (.it -

Paige aid Average DIschvge rate 44=* 4,6, w

Total Quantity of material balled ________________________________

Total Quantity of water dischargix by puf~ifg % tk

DiDsmitiorI of aisclwg water -T. ~

Volumie WaterTime RLevel TIufbidity Clarity/ Tewiv PH Conouctivity ifl~~
-' SO Color CReak

091S. -ý - - - & ýZbs--

-ee - - - - - - VL.-A., au

ows Z%41 -.- %I* ZOj , , 0

- L-~~t3 t. t~ p. 24 ittso em- ~ 04
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F/S-'44 r-4 , - REV. DATE. MAY 19;0
WELL DEVELOPMENT LOG well No.. -O 7PaoeA or.L
installation: skymarbw Aem mI Sitei
Project No.: M).OZa6 Cl ient/Pro lect: 16

HAZWRAD Contractor- Dev. Contractor-L^OA 9
Dev Start -- I.....ni) 3h.4 Dev.Eria: ( ... m) cso Dia.. 4
IDevelopec by:- Dev. Rig /Y' N

Dev Methood -S2ý 9q 4 .. a 4a.ýi~ BAR 20 .ru& &ap p.

3 0 -~ fd s * ,. T kf4 .u PA.Latd (AAMr t 4Lii C 4-VFi sr%/ 2-4 t,3TLA

Pre-Dev. SWL :Z d' Mxiu rawdown aiuring pumping ft at__________

Rance ano Aver-age Discharge r-ate -pcAn

Total quantity of material baiele Sj6 ea-fle'v r

Total quantity of water dischnarged by pumping ICs*

Disposition of disctiarge water a h k -c Pgii woir cu-OLA.,r" ieu wsg

Time Volumre Laeve Trta-icity Clarity/ Temp pH Conductivity mrsft. BTOCCor C
-a (I -ý - - -_ - -, ____ -____ __3

lda0 Is - - - le, Y','"2..ý.J9 7 )
JIA5 ý - .'(4 20 -1,0 93 01

' 5-5 - -i (j Z 41 ICSO

10 23. 10"0

l2L)$L -5 3 ý "I.7 'I L S

-a 0 3 . L75 "I3L
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~F/~~J4.d. ~3*4-~ . - j REV. DATE. MAY 1';90

wELDVLPETLGWel No.As-- Paqe -- cLL...

Dev Metnod Sýs.dt ",/ Ci r-~~M)FAI 2 0h&~ hA4L rwok VA..q

Ecui~ment bay L~o At g&r, d fI 4J TJO.4mT..S
4 tdtI7dIA

4Pre-Dev w. SWL -1 aximurn crawoown curing Pumc)Ing ft at__________

Range anO Average Dtsctlarge rate S- t

Total Imnt ity ofmater~3~il a I5 baI e

Total ouantity at water dJlSchageC by p.un~ing J•• 6'J'43

D4 C)5CS~tion cf diSCtiarge water i3X ,.ug.,a A..s er 1 4AMS~ & i.v *Q1c.

Volve w ter~ iit Carity/ Temo pH Conductivity e aiTime~~~r Reo -ee urbd Color aCRmr,

~ q-2a,7 4 13

0`140 LI v2; 
1

0- C c is 40 b c

4



1-/4-u 44- ~-r+& REV. DATE. MIAY (;90
wE LL D E vE L0PrIENT L Or, we) I No.. AMW S - i Place -- L-or
installation sk urnb Site
Droiect NC.: "-+?t Clierit/Prolect &vW;-S. r. 4~.

IHAZWRA:) Contractor: --T-t... Dev. Cont-actcr L.....
Dev Star-, (,'; :S-rjn) % 0ev En~c. ((, ss.rf ItCSc Dfa.
DNveiooec oy 6, r Dev PIC / N

Dev rMet,-oc S ~~* L ~ 4'e-. 6.- cr-.

Pre-Dev. Swt- -y-.'O -aximum orawoown during pumping ft at - :

Range and Average DIscharge rate - --

Total ~auntity of material bailea 2.*O

Total cuantity of water dlscnargeo Dy punping IS~O

Distosition of discharge water -7- -1e & W-k P4-ý

Tie Volume~ Waterbdity Clarity/ Temp nucityemr
Time rW¶ t. BTOC Color 0C-

I tkD
VAT -4 G.- . ~k k-okc.

%"'W q0 2%, V* -4, z - I 0:
% 41S It "A Z.'&A 4;zo to-4

Vkkto k2o CAo.A-Y 7-1k -- 3 ~S

14L48 ( .0SA" Z.3 (0 Z5, k090
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- REV. DATE: MAY 1990

WELL DEVELOPMENT LOS jWeilNo.: IF-O(- -IaeIo I

Dev. Stetho :11--& _LD Dev End ('4C I :eoJ t2,.Lee Cs! D~ia1: ",) S

* Eoulmwt S,,,eytL Pa, Uc, +~e 90 ,%D Pý;,J&--'~

II

Range and Average Dischwg rate j IA, )

Total Quantity of material balled CIA uxlM

* Total Qgti atty orwater dlschegedi by pumping _ /kA

* Dlapsltivn of also"ugwater ýp*ff 01 s PAIS &4 puLp y om~ela -o,)kf

T olme VOITW dit Claity/ Temp
TieR dLevel Turbldt tolo Oc p Conductivity Rfok

:?1 t*i I~qo 4U"-,0~ P~.- -

2& -4.2 
Im.- n

Ise & 0 0-N 40t I0*0



- EV. DATE- MAY 1990

WELL DEVELOPMENT LOG I WellNo.: pJz-oIe- Pa:: -Le of
Installation I Site: p&,iD• AA
Project No.: 4M(.-o-0(. Client/Project: M 4t - Ae,,

HAZWRAP Contractor. I Dev. Contractor- Sa.'W iT hW&" &u. 4e.-, C'o.l Dev. Start (D •..- .. I Dev. I (1 :-5---m) I Csq Die.: _, I
.Developed by.V. e agJ a~ mir-/, w et- SO V t (VP , •. A •- • Dev.Z Rig (NIIN ) _

Dev. Method 70S 40 Vc, ~ 7j L~p wI i'~)

, Equipmet C.MOAL &e w , ii ,,4 i + /o /iU

Pre-Dev.~lu SKin .............drU IXM'- j ft at L .I gpm

, VNinge and Average Dlscharge rate grn

Total quantity of material belled Lj. •1i ab

* Total quantity ofwater discharged by pumping tt

$Disposition of dsctwge water LeM A) 101 5ý w ad# N 15 U g LAWZe PNOM- A iQp

Volume Water.Time Level Turbidity Clarity/ Temp H Cociuxtivity ReareksR f L BTOC Color

303 zl 00~ua

jI3 I 00I X, 00o 60~Aop
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* - REV. DATE- MAY 1990

WELL DEVELOPMENT LOG WeillNo.: 0P -L- or I
I nstallation: I Site: ~AJPKy A#)C,

*Project No.: &C 4Z% -Cllenfl/Pro eCCL: Afwa I -
HAZWRAP Contractor ~ I0ev. Conltractor pe t aLI,
Dev Start =( X% - ) I ev.En* 60 (10 :S ...j__) Csp Dla.: "

D&V%.r i Lt 4

jPre-Oev. SV& SI ...JMxlm aairw~own Grnvmfg ... tat.- A) 1,4

Range and Ave-age Discharge rate _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4 ~~~Tot~al quantity or material balled (iO 5

Total quantl ty or water discharged by vpnvlng

Di~smitlonor d~scharge water J&fi~ji 55 eQA4 0* £A&V 2 PMA67W Rmdm&-

Leve Wate.rbd Clarity/ Term a.clvt eak
Time Lee -ubdt Color *9C C~t~t eak

4q35 -X-1 ý 1330 f"w~p

joO~~ 3.S 5A4 23.3 1. J3.Wx Vo4G7 "fE.4p

*~I Io' "*o ".. A.za iW

to -3. - -- 3 -U -"o- -~a

20 0 0 0 0 am t



P'~Q/Z- r 4REV. DATE: MAY I 1P
[WELL DEVELOPMENT LOG JWell No.. &&Iq-.Oz-fmIod

W ~~~~Developed by: Aw4_De.Ro;q

Dev Method •-siA.4-& &Ale~Us 0 ~ v.&.fa. .. /kj.

Pre-Dev. SWt-I :4 - Maiu Crawdown curing Pumping ... iAb&Ik.I ft at__________

Range and Average Discharge rate ______________________________

Total quantity of material bailed VJ~ bm /hB~IAL .~rt

Total auanttty of water dischlarged! Cy puminTig 0
4Disposition of discharge water .0 r1J Q.srua~J., Z~~Vif* .

Voum Water.
Time Level Turbidity Clarity/ Termp PH Conductivity Remarxs

- ft. BTOC Color 0 C1

(o0q 2j. 2 7.0 L 3C

/is o e'.Z (. -I- 0
4 NI30 2l1 7L U- 4.0- L44 1.i jv#%4LW

DA-fw 25A -fi o1
Izz1- Lt. -4 1.3 j

4 136f Z4.5 I.31 100
3I~o !¶-~*%~ 7-4 99()

1143S f - " z 7.38 110 '

1.50S T3/ -z q3 ~ ~ I
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